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CYTOLOGY POPLAR SPECIES AND NATURAL HYBRIDS! 


Abstract 


Complete analyses pollen-mother-cell nuclei first metaphase, percentage 
good pollen, pollen diameter and pollen-size distribution were determired for 
the following poplar species and natural hybrids: Populus grandidentata 
Michx., tremuloides Michx., Simon Louis, alba L., canescens 

Both the alba and two the four canescens trees examined were 
triploids (2n 57) while all other trees examined were diploids (2n 38). 
Meiotic observations the natural hybrids indicated high degree homology 
between the chromosomes alba and the native aspens (P. grandidentata 
and tremuloides), since bivalents were usually found first metaphase. 
collections from one triploid canescens and two diploid alba-grandidentata 
hybrid trees, failure high proportion the chromosomes pair was attri- 
buted genetic factors limiting pairing, rather than non-homology. 

Pollen characters such percentage good pollen, pollen diameter, and pollen 
size distribution were, most cases, not indicative the chromosome number 
pairing relations first metaphase. Consequently, triploids could not 
detected pollen observations under the conditions this experiment. 
spite the lack correlation between first metaphase and pollen observations, 
abnormally large pollen grains were observed collections from several the 
trees, and these were considered contain the diploid unreduced chromo- 
some complement. The tendency for the poplars produce unreduced pollen 
accounts for the number triploid trees discovered Canada 
and Sweden. 


Introduction 


Natural hybrids between European Populus alba and the two native aspens, 
grandidentata and tremuloides, are found number localities the 
vicinity Ottawa (Table These trees were discovered Dr. Heim- 
burger the Dominion Forest Service, Ottawa, subsequent his early work 
the artificial hybridization these species. preliminary report the 
hybridization studies was published 1936 (5), and detailed description 
the natural hybrids and their economic possibilities will published 
the near future. The rapid growth and excellent quality certain the 
alba-grandidentata hybrids have indicated the possibilities producing, 
artificial hybridization, rapid-growing and disease-resistant trees for match 
stock, pulpwood, and shelter belts. Additional favorable qualities may also 
induced the production triploid and tetraploid varieties. Promising 
leads this regard were given Nilsson-Ehle (9), Blomqvist (2), and 
Melander (6) their recent discovery Sweden three strains giant 
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triploid form tremula that exhibit very rapid growth rates and one 
case (6) resistance heart rot. 

The present study was undertaken provide cytological information 
certain natural hybrids and parental species that might value guide 
the breeding program. Determination the chromosome number and 
complete analysis meiotic associations were made the pollen mother cells 
trees. The male catkins were fixed the proper stage absolute 
alcohol parts and glacial acetic acid part, stored 70% alcohol, 
smeared, and stained aceto-carmine. 


TABLE 
POPLAR SPECIES AND NATURAL HYBRIDS STUDIED 


Native 
Species = Place of collection 
(N or I) 

P. grandidentata Gi N Petawawa, Ont. 
P. tremuloides Ya N Edmonton, Alberta. 
P. tremuloides T2 N Calgary, Alberta. 
P. eugenei _ I Arboretum, Central Experimental Farm, Ottawa. 
P. alba re | I Gatineau Mills (near Hull, Que.) 
P. alba var. nivea aureo-intertexta A2 I Arboretum, Central Experimental Farm, Ottawa. 
P. canescens I Ottawa (Eastview), Ont. 
P. canescens C4 I Hull, Aylmer Road, Que. 
P. canescens Cs I Farmers Rapids, Gatineau River, Que. 
P. canescens Cz I Ottawa, Ont. 
P. canescens C10 I Arboretum, Central Experimental Farm, Ottawa. 
P. alba X P. grandidentata AG7 N Ottawa (Rideau Canal), Ont. 
P. alba X P. grandidentata AG 8 N Petawawa, Ont. 
P. alba X P. grandidentata AG10 N Bank and Clemow Sts., Ottawa, Ont. 
P. alba X P. grandidentata AG31 N Station A, Longueuil, Que. 
P. alba X P. grandidentata AG34 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata 

(monoecious) AG35 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata AGI6 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata AG37 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata AG39 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata AG42 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata AG44 N Hull, Aylmer Road, Que. 
P. alba X P. grandiaentata AG45 N Hull, Aylmer Road, Que. 
P. alba X P. grandidentata AG46 N Hull, Aylmer Road, Que. 
P. alba X P. tremuloides 

(monoecious) AT10 N Bank and Isabella Sts., Ottawa. 
P. alba X P. tremuloides ATI1 N Ottawa, Ont. 
P. alba X P. tremuloides AT12 N Hull, Aylmer Road, Que. 


The branches the male trees were cut midwinter and stored snow 
bank until needed, wrapped moist paper and stored refrigeration 
chamber about removal from cold storage, the branches were 
placed beakers containing small quantity water and kept the green- 
house about Those collected 1937 were kept the laboratory 
The proper stage for examination was reached from 
hr. after removal from cold storage. Since all the anthers the catkin 
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pass through the metaphase stage few hours, frequent examinations had 
made procure material the proper stage. 

The diameter and size distribution the mature pollen were also deter- 
mined for most these trees. The object was determine whether there 
was sufficiently close correlation between chromosome number and pollen 
size permit use the latter detect triploids and higher polyploids. 
was also hoped that pollen examinations would give some indication 
meiotic behavior and reveal the frequency occurrence unreduced pollen 
grains. The anthers were collected just prior pollen shedding some 
cases the pollen was dusted directly into vials. The same method fixation 
and staining used for the pollen-mother-cell study was employed. The 
pollen was gently teased out the anthers without undue crushing. Pollen 
distortion through cover-slip pressure the pollen grains was avoided 
supporting the edges the cover slip very narrow strips thin cover-slip 
glass. 


Cytological and Pollen Observations 
Native Aspens 
grandidentata and tremuloides regularly formed bivalents first 
metaphase shown Table and illustrated Figs. The chromo- 
some number tremuloides had previously been determined Erlanson 
and Hermann (4), who also observed bivalents first metaphase. How- 
ever, these authors observed heteromorphic bivalent that they conclude 


TABLE 
MEIOTIC ASSOCIATIONS POPLAR SPECIES AND NATURAL HYBRIDS 


Species Univalents Bivalents Trivalents 

P. grandidentata Gi 38 8 0 19 0 
P. eugenei _ 38 4 4.0 17 0 
alba 12.0 13.8 5.8 
P. canescens Se 38 10 1.0 18.5 0 
P. canescens cs 57 10 51.6 2.7 0 
P. canescens C7 57 5 15.2 12.2 5.8 
P. alba X P. grandidentata AG 8 38 10 0 19.0 0 
P. alba X P. granaidentata AG10 38 10 16.2 10.9 0 
P. alba X P. grandidentata AG31 38 10 0.4 18.8 0 
P. alba X P. grandidentata AG35 38 10 1.8 18.1 0 
P. alba X P. grandidentata AG37 38 5 0.4 18.8 0 
P. alba X P. grandidentata AB39 38 10 0.8 18.6 0 
P. alba X P. grandidentata AG42 38 10 3.7 17.0 0.1 
alba grandidentata AG46 0.5 18.6 0.1 
P. alba X P. tremuloides AT10 38 "10 1.8 18.1 0 
P. alba X P. tremuloides AT12 38 10 0.4 18.8 0 
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represents the sex chromosomes. Blackburn and Harrison (1) and Meurman 
(7) also report the presence pair heterochromosomes that they con- 
clude are involved sex determination. Although special study sex 
chromosomes has not been made, definitely heteromorphic pair has been 
found consistently, spite the fact that the best preparations were 
ciently clear permit complete analysis side-view metaphase plates. 
certain the hybrids, however, heteromorphic bivalents were noticed, which 
could best explained the presence structural differences evolved 
species differentiation. further careful study the native aspens will 
made the near future attempt settle definitely whether morphologi- 
cally distinct sex chromosomes are present. 


{ * 
beg Qs 


Fic. grandidentata (G1), bivalents metaphase, X1700. tremu- 
loides (T1), bivalents metaphase, X1700. Fic. alba grandidentata 
root tip division, chromosomes, X2300. Fic. alba var. nivea aureo- 
(A2), triploid, univalents, bivalents, trivalents, X1700. Fic. 
canescens (C5), triploid, univalents, bivalents, X1700. Fic.6. grandi- 
dentata univalents and bivalents, 1700. 


grandidentata and tremuloides (G1, T1) both produced high per- 
centage apparently good pollen but exhibited very wide range pollen 
diameter (Table III) compared the narrow range variability for 
presence pollen grains units diameter, compared the mean 
diameter about units, suggests that these grains may possess least 
the diploid chromosome number. This range distribution may much 
greater than that occurring under natural conditions, the laboratory tem- 
peratures 75° F., which these branches were exposed, were con- 
siderably higher than the outdoor temperatures which the reduction division 
occurs. Reduction and separation the chromosomes anaphase appear 
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normal the material examined. therefore appears likely that the 
large pollen grains were formed through failure cytokinesis and microspore 
wall formation. The normal behavior during reduction division would appear 
favor this type abnormality. Cytokinesis and wall formation not 
always occur the interphase between the first and second divisions, 
the case many plants, but are frequently delayed until after telophase 
the second division. The delay absence normal wall formation may, 
under certain conditions, permit restitution nuclei formed. This, 
course, would result the large pollen grains observed. this tendency 
produce diploid pollen grains general nature can induced under 
certain conditions, excellent opportunity exists produce triploid 
tetraploid plants. The natural occurrence autotriploid plants tremula 
Sweden (2, and the discovery Canada triploid trees alba 
and canescens indicate that the production diploid pollen not un- 
common nature. 

The pollen diameter tremuloides from Calgary was significantly larger 
than that tremuloides from Edmonton (Table III). This may 
true varietal difference but further observations must taken establish 
this point. 


This species originated seedling the nursery Simon Louis Fréres 
Plantiéres, near Metz, France, 1832. Cansdale (3) states that Henry, 
Schneider, and Houtzagers are all agreed that the parents were regenerata 
and nigra var. italica. chromosome number the specimen examined 
was 38. was possible find only four nuclei that could com- 
pletely analyzed and these the number univalents varied from 10. 
was apparent that meiosis this tree was much more irregular than 
the native aspens; these irregularities were reflected the pollen characters, 
there was only 68% good pollen and the standard deviation pollen diam- 
eter was the largest any the trees examined. Some very large pollen 
grains were observed and likely that these contained least the diploid 
chromosome complement. The hybrid constitution this tree probably 
accounts for the irregularities observed. 


alba 


Two male trees this species A2) were examined. These trees 
differed considerably from the female trees this species growing the 
Ottawa district. Both were found triploid, whereas the female parental 
trees the alba-grandidentata hybrids examined date must diploid, 
since these hybrids all have the diploid chromosome number. 


The mean frequency univalents, bivalents and trivalents and 
given Table II. The total the bivalents and trivalents triploid 
nuclei should equal the haploid chromosome number 19. Actually the 
values were 19.6 for and exactly for A2. The slight excess was 
probably due slight error interpreting the metaphase configurations. 
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While the maximum number configurations was present the nuclei 
both trees, average 13.25 trivalents was observed and only 5.8 
trivalents Al. These results indicate that autotriploid and that 
may hybrid. This further indicated the yellowish color 
the bark which not common the trees alba growing this 
district. 

camera-lucida drawing all the configurations first metaphase 
nucleus alba var. nivea aureo-intertexta shown Fig. wide variety 
types trivalents was found, including spoon, and chain types. 
photomicrograph the same nucleus shown Plate Fig. few 
the configurations are sharp focus, but possible see the trivalent 
constitution several them. 


The percentage apparently good pollen the two varieties alba 
was surprisingly high for triploids, being and 94%. The range distribu- 
tion pollen sizes was narrow, with evidence unreduced pollen grains 
being produced. was expected that triploids might detected pollen 
examination, since triploids other plants usually have high proportion 
poor pollen with wide range pollen size. Such not the case these 
trees, although scarcely possible that all the pollen that normal 
appearance equally viable. 

The observations Miintzing (8) and Tometorp (10) the pollen 
the tremula triploids found Sweden form interesting comparison 
our own observations the pollen triploid alba. Both Miintzing and 
Tometorp examined pollen the gigas type. The latter observed 
that observed for alba, which was approximately 38u. neither 
case was the distribution definitely bimodal. However, Miintzing obtained 
definite bimodal distribution the pollen and, although did not 
give absolute values, apparent that the range distribution was much 
wider than that recorded Tometorp. Environmental influences probably 
account for the differences observed, unreduced pollen grains may have 
been produced with much higher frequency under the environmental con- 
ditions which Miintzing’s sample was subjected. 


canescens 

This species believed have originated natural hybridization between 
the two European species, alba and tremula (11). These hybrid trees 
are very similar many respects the natural hybrids between alba 
and grandidentata found Canada, although the shape the leaves 
sufficiently different for them distinguished. Two the canescens 
trees examined proved triploids (C5, C7) with chromosomes, while 
two diploid (C3, C10). rather than meiotic counts were 
made since saplings only were available for study. The total number 
bivalent and trivalent associations the nuclei tree was 18, which 
approaches the theoretical maximum 19. The proportion the various 
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associations was very similar that observed for alba which was 
also suspected being hybrid. The other triploid tree canescens 
exhibited the average only 2.7 bivalents per nucleus with range 
from hardly seems likely that lack homology among the three 
sets involved accounts for this high degree asynapsis, and concluded 
that there must genetic factors limiting pairing. drawing and photo- 
micrograph first metaphase nuclei this tree are shown Fig. and Plate 
Fig. Certain the univalents this nucleus showed signs splitting 
equationally. Other observations indicated that the univalents usually all 
divide the first division. The abnormal meiotic behavior reflected the 
variability pollen diameter from about units and the high 
standard deviation 3.59. The distribution appears bimodal and 
likely that unreduced triploid pollen grains are produced. The percentage 
good pollen was surprisingly high, being 96%, but highly unlikely 
that ail such high proportion could receive sufficiently well-balanced 
genic constitution viable. 


The chromosome number and meiotic behavior natural hybrids 
this cross were determined. The number was all 
these trees, and average between and bivalents was observed 
first metaphase ten the trees. frequencies were not deter- 
mined this material, but the proportion ring rod bivalents these 
ten hybrids appears similar that found grandidentata. 
therefore concluded that high degree homology exists between the alba 
and grandidentata chromosomes. typical nucleus AG39 containing 
bivalents shown Plate Fig. The pairing behavior and 
AG36 was very different from that the others. the former, 16.2 uni- 
valents and 10.9 bivalents were observed, while 34.4 univalents and only 1.8 
bivalents were observed the latter. nucleus AG36 exhibiting complete 
asynapsis shown Plate Fig. and nucleus with bivalents 
and univalents shown Fig. does not seem likely that the asynap- 
sis observed these two plants caused low degree homology between 
the parental chromosome complements, neither likely that was caused 
unfavorable environment, since catkins from trees the immediate 
vicinity and handled the same manner exhibited normal pairing. 
therefore conclude that this another example the operation genetic 
factors limiting pairing. 

Only two trivalents were observed all the alba-grandidentata nuclei 
examined. This indicates that structural changes have played relatively 
unimportant role the evolutionary differentiation these two species. 

Examination the pollen data Table III shows wide variation 
pollen diameter (21.2 27.8 units). Not only the means differ consider- 
ably but the standard deviation single observations varies from 1.86 
4.62. the proportion good pollen also varied from 97%. 
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Fic. alba var. nivea aureo-intertexta (A2), triploid, metaphase univalents, 
valents, bivalents, 3280. 
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Prior these observations, was considered that any marked degree 
asynapsis would probably reflected definite reduction the percentage 
good pollen, and increase the standard deviation pollen diameter. 
This, however, was not the case plant such AG36, which exhibited 
almost complete asynapsis, (ii) produced 86% apparently normal pollen, 
showed relatively low standard deviation pollen diameter, and 
(iv) produced very large pollen grains. Among the plants that 
exhibited normal meiotic pairing, wide variations were observed the per- 
centage good pollen, mean diameter and standard deviation. There was 
definite correlation between these variables, except tendency towards 
positive correlation between mean diameter and standard deviation. This 
may explained the fact that the development unreduced pollen grains 
would increase both the mean pollen size and the range distribution. How- 
ever, the production unreduced pollen grains was the only factor involved, 
the modal class for the haploid pollen grains should similar for different 
trees, and some indications bimodal distribution would found those 
pollen samples with wide size distribution. However, such was not the 
case, and other explanations must sought. Inherent differences growth 
vigor between trees might account for some the differences mean diameter 
and standard deviation. should also remembered that the catkins 
passed through their critical stages gametophytic development under 
artificial conditions, since the branches were detached from the tree, stored, 
and then placed under warmer conditions than encountered nature. These 
conditions might expected accentuate any inherent developmental 
differences already present. The only clear-cut conclusion that can arrived 
from study these pollen data that the trees AG39 and AG42 produce 
abnormally large pollen grains that probably contain the diploid chromosome 
complement. 

AG35 was found monoecious tree with both staminate and pistillate 
flowers some the catkins, the remainder being typically male. very 
similar situation tremuloides was described detail Erlanson and 
Hermann (4). 


These hybrids are not common this district the alba-grandidentata 
hybrids. They appear exhibit less hybrid vigor than the hybrids and 
not appear have great economic possibilities. The meiotic behavior 
was determined for three trees. and gave very similar results, 
possessing 18.1 and 18.8 bivalents first metaphase, while had 16.4 
bivalents. 

Pollen data were procured both 1937 and 1938 and the results 
checked very closely for all characters. this particular case the environ- 
mental differences seemed have very little influence. The pollen 
differed from the other two collections that the mean size was significantly 
higher, although the standard deviation was only slightly higher. 
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was observed monoecious with certain branches forming 
staminate catkins and others forming only pistillate catkins. differed 
from the monoecious alba-grandidentata tree AG35 that perfect flowers 
were not observed. 


Relation Pollen Characters Meiotic Behavior 

One the objects this study was determine the value pollen studies 
indicators meiotic behavior and chromosome number. For example, 
was expected that marked degree asynapsis would reflected 
definite reduction the percentage good pollen and wider range variation 
pollen diameter. addition was expected that the pollen triploids 
could readily distinguished from the pollen diploids the basis size. 
None these expectations was realized. Diploid hybrids such AG36, 
which exhibited almost complete asynapsis, appeared produce high per- 
centage good pollen, and the size distribution this pollen was not 
abnormal. The expected meiotic irregularities the triploids were observed, 
but the percentage good pollen was high and most cases the pollen size 
distribution shown the standard deviation values did not exceed many 
the diploids that exhibited normal meiotic behavior. The final explanation 
this situation must await further detailed studies all stages pollen 
development, but the observations date appear justify tentative 

Some the univalents always divide equationally the first division 
and wander random the second. anaphase count was made 
the first division AG36 (2n 38) chromo- 
somes one pole and the other. This indicates that about univalents 
split equationally and that irregular numerical segregation was occurring. 
Micro-nuclei were seen the tetrad stage. Definite evidence pollen 
degeneration was observed shortly after tetrad formation AGJO, and 
seems likely that this degeneration may very rapid. the triploid 
varieties there was also evidence that some pollen degeneration occurred 
shortly after tetrad formation. Very little poor pollen was detected 
pollen maturity, although high percentage was expected. Careful examina- 
tion the pollen from these trees revealed large number tiny bodies which 
were too small recognized degenerate pollen. Diploids with normal 
meiotic behavior did not possess nearly many these bodies. The tenta- 
tive conclusion that these tiny bodies probably are pollen grains advanced 
stages degeneration. Genetically unbalanced pollen grains probably degen- 
erate very rapidly and such extent that impossible determine 
their frequency pollen maturity. Consequeutly only pollen grains that 
degenerated more slowly and could recognized pollen maturity were 
included counts poor pollen. 
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VARIETAL DIFFERENCES BARLEYS AND MALTS 


III. CORRELATIONS BETWEEN NITROGEN AND SACCHARIFYING 
ACTIVITIES! 


ANSEL ANDERSON’, HENRY SALLANS?, AND ALAN AYRE? 


Abstract 


Investigations made with samples representing varieties barley, grown 
experimental stations Canada, show that fairly close intra-varietal 
correlations exist between the total nitrogen barley and the acti- 
vities the barley and the malt made from it; and that these correlations are 
closer than the corresponding correlations with nitrogen fractions. inter- 
correlation exists between saccharifying activities the one hand, and 
total nitrogen, alcohol-soluble nitrogen, insoluble nitrogen, the other, but 
inter-varietal correlations appear exist between saccharifying activities and the 
more soluble nitrogen fractions. 

The correlations between the nitrogen, nitrogen fractions, and total barley 
saccharifying activity (papain method), and between the nitrogen, nitrogen 
fractions, and free malt saccharifying activity (Lintner value), are closer than 
the corresponding correlations for free and latent barley saccharifying activities. 
Latent barley saccharifying activity more closely correlated with total nitrogen 
than with any the nitrogen fractions studied. 

study the multiple correlations between malt saccharifying activity, and 
total nitrogen and 1000-kernel weight barley, shows that the improvement 
resulting from the introduction 1000-kernel weight second independent 


variable very small. 


Part (1) this series papers described study total nitrogen and 
its distribution among protein fractions, made with 144 samples barley 
representing varieties grown widely separated experimental stations 
Canada. Part (10) the results determinations the saccharifying 
activities the same barley samples and the malts made from them were 
reported. The relations between these two sets data have now been 
examined and are described the present paper. 

The literature barley contains considerable amount information 
the relation between total nitrogen content activity. 
Bishop (5) found that, within each variety, direct relation exists, and 
developed equations for predicting the diastatic power malts from data 
the nitrogen content and 1000-kernel weight the barleys from which 
the malts were made. found, however, that this relation did not hold 
between varieties, varieties that tend high nitrogen content 
not necessarily tend produce malts high diastatic activity. Anderson 
and Rowland (2) agree with these conclusions. Berglund (4) found some 
evidence relation but tends non-committal. (8), who 
determined the saccharifying activities both barleys and malts, agrees 
that relation exists between varieties and found only slight evidence 
relation within varieties. 
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direct and rather more comprehensive investigation this subject has 
recently been made Chrzaszcz and Sawicki (6). They failed find 
varietal differences the amylase activities barleys malts and are thus 
unable comment the inter-varietal relation. Their general conclusions 
are stated follows:— ‘‘Die Eiweissmenge der Gerste ist auf deren wirk- 
liche Amylasemenge ohne deutlichen Man kann fest- 
stellen, dass Gerstenproben mit grésserem Eiweissgehalt haufiger mehr Amylase 
als Gerstenproben mit geringem Eiweissgehalt 

investigation the relations between nitrogen fractions barley and 
amylase activity has come the authors’ attention. The matter some 
importance owing its bearing hypotheses concerning the manner 
which part the amylase barley rendered unextractable water. 
Thus and his co-workers and papers cited therein), following the 
earlier suggestions Ford and Guthrie (7) and Baker and Hulton (3), con- 
sider probable that the amylase bound high-molecular, 
insoluble protein compound, and that the amylase set free proteolytic 
hydrolysis. this hypothesis true, seems possible that data substan- 
tiating might obtained study the relations between nitrogen 
fractions and amylase activities. 


Data and Methods 


The experimental data were collected analysis 144 samples barley 
and the malts made from them. The samples represent varieties grown 
widely separated experimental stations Canada. detailed descrip- 
tion the varieties and the methods used growing the samples was 
published Part this series (1), which also contains the data the 
total nitrogen, insoluble protein nitrogen, alcohol-soluble protein nitrogen, 
total salt-soluble nitrogen, salt-soluble protein nitrogen, and non-protein nitro- 
gen the barley samples. The results determinations free saccharify- 
ing activity, total activity (papain method), and latent activity (calculated 
difference) the barleys, together with data the free saccharifying 
activity (Lintner value) the malts, were published Part (10). 

The relations between the six sets nitrogen data and the four sets amy- 
lase data were examined means correlation studies. view the 
space required, seems inadvisable present detail the results each 
the separate studies. have therefore chosen give the detailed 
results the study the relation between total nitrogen the barleys and 
the free saccharifying activity (Lintner values) the malts made from them. 
The main features the other relations are summarized the form cor- 
relation coefficients obtained means analyses variance and covariance. 


Correlation Between Total Nitrogen Barley and Free Saccharifying 
Activity Malt 

The scatter diagram shown Fig. contains points for the 144 samples 

studied. shows that definite association exists between the total nitrogen 

the barley and the saccharifying activity the malt made from it, but that 
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the relation not particularly close. The correlation coefficient for these 
data proved 0.701, whereas the required value for odds that 
real relation exists only about 


SACCHARIFYING ACTIVITY OF MALT, *LINTNER 


20 25 


TOTAL NITROGEN CONTENT OF BAR. EY, & 


Fic. Scatter diagram showing the relation between 
free saccharifying activity (Lintner value malt and total 
nitrogen content barley. 


More detailed information the relation provided the small scatter 
diagrams shown Fig. Ato Each these presents the results for one 
variety only. graphs show quite clearly that within each variety there 
direct and fairly close correlation between the two variables. thus 
apparent that environmental conditions that produce barleys high nitrogen 
content also tend produce barleys that yield malts high saccharifying 
activity. These related effects environment are illustrated summary 
form the scatter diagram for station means, over all varieties, given 
Fig. 2M. The correlation coefficient for the data represented this graph 
proved 0.961. 

comparison the small scatter diagrams will show that inter-varietal 
relation exists between the two variables. Thus Olli has the highest average 
saccharifying activity and low average nitrogen content, but Nobarb with 
nitrogen content about the same value has comparatively low sacchari- 
fying activity. The fact that inter-varietal relation exists clearly 
demonstrated the scatter diagram for varietal means shown Fig. 2N. 
The correlation coefficient for these data 0.039, which quite insignificant. 

Further inspection the small scatter diagrams will show that the slopes 
the regression lines (regression coefficients), which represent the average 
increase malt saccharifying activity per unit increase barley nitrogen, 
are not the same for all varieties. The numerical values the regression 
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coefficients are follows: O.A.C. 21, 78; Mensury, 77; Olli, 75; Peatland, 81; 
Pontiac, 75; Nobarb, 54; Regal, 46; Wisconsin 38, 38; Charlottetown 80, 27; 
Hannchen, 68; and Victory, order determine whether these varietal 


(B) Mensury 


° 


wisconsin 


MEANS MEANS 


@” 


SACCHARIFYING ACTIVITY MALT, 


TOTAL NITROGEN CONTENT BARLEY, 


Fic. diagrams showing the relation between free saccharifying activity (Lintner 
value malt and total nitrogen content barley. Diagrams for individual varieties. 
Diagram for station means. The key stations Nappan, N.S.; Frederic- 
ton, N.B.; Ste. Anne Bellevue, Que.; Ste. Anne Pocatiére, Que.; Lethbridge, 
Alta.; Winnipeg, Man.; Brandon, Man.; Guelph, Ont.; Ottawa, Ont.; 
Lacombe, Alta.; Beaverlodge, Alta.; Gilbert Plains, Man. Diagram for varietal 
means. The key varieties given diagrams 
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regression coefficients could considered differ significantly, the data 
were subjected analysis residual inter-station, intra-varietal variance. 
Since the mean square due differences varietal regression coefficients 
(686.5) proved significantly greater than that due deviations from 
individual regressions (119.0), there definite evidence that the varietal 
regression coefficients differ significantly. 

Having completed these detailed examinations the data, now seems 
worth while reconsider the scatter diagram shown Fig. obvious 
that this can built superimposing, one upon the other, the diagrams 
for the individual varieties, shown Fig. Considered from this 
viewpoint, easy see that most the scatter Fig. caused the 
fact that there inter-varietal relation between the two variables. More- 
over, although definite intra-varietal relations exist, the fact that the regression 
coefficients for these differ also adds the scatter shown Fig. However, 
even these two sources scatter were removed, the points would still fail 
fall within really narrow band since the intra-varietal relations are 
means perfect. 

With these considerations mind, apparent that relations the sort 
now under discussion cannot adequately elucidated the study com- 
paratively small series samples representing random collections several 
different varieties mixtures varieties such frequently exist com- 
mercial samples. Moreover, when relation though distinct not close, 
can only demonstrated when the samples studied provide wide range 
values with respect each variable. appears that some those who 
have previously investigated the relations between nitrogen content and 
amylase activity have failed appreciate these points, have been unable 
collect satisfactory sets samples for study, and have thus been prevented 
from obtaining data from which the relations could demonstrated. 


Results Investigations Other Correlations and Comparison 
These 


The results investigations all relations between total nitrogen and 
nitrogen fractions the one hand, and saccharifying activities the other, 
are summarized Table Each relation represented four correlation 
coefficients, namely: the total correlation coefficients, listed the first section 
the table; those for station means, listed the second section; those for 
varietal means, listed the third section; and those for the remainders, listed 
the last section. 

space permitted, each the correlation coefficients the first three 
sections the table could illustrated scatter diagram similar one 
those used illustrate the relation between total nitrogen and malt sacchari- 
fying activity. Those for the total correlations would similar the 
diagram Fig. those for station means similar Fig. 2M; and those for 
varietal means similar Fig. 2N. The correlation coefficients for remainders 
not lend themselves ready graphical presentation. They represent that 
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part the total correlation that not accounted for the inter-varietal 
and inter-station correlations. 

The total correlation coefficients given the first section Table are 
all significant but show differences the degree association between the 
various pairs variables. comparison the data columns shows the 
nitrogen and nitrogen fractions are most closely correlated with total barley 
saccharifying activity and least closely correlated with free barley activity. 
the lines data are compared will seen that the degree association 
nitrogen and nitrogen fractions with saccharifying activity greatest for 
total nitrogen, not much lower for alcohol-soluble protein nitrogen and total 
salt-soluble nitrogen, and rather lower for the other three fractions. 


The second section the table gives the correlation coefficients for station 
means. All these are also significant and somewhat higher than the corre- 
sponding coefficients given the first section. thus apparent that 
change environmental conditions that tends, the average, increase 
total nitrogen and nitrogen fractions also tends increase the saccharifying 
activities. Again comparing columns, apparent that the correlations 
between the nitrogen, nitrogen fractions, and each the saccharifying 
activities are much the same order. comparison lines shows that 
saccharifying activity most closely associated with total nitrogen content 
and alcohol-soluble nitrogen, less closely associated with insoluble nitrogen 
and total salt-soluble nitrogen, and still less closely associated with the other 
two fractions. 

The third section Table gives the correlation coefficients for varietal 
means. These present entirely different picture. The coefficients for 
total nitrogen, insoluble nitrogen, and alcohol-soluble nitrogen, the one 
hand, and saccharifying activities the other hand, are not significant. 
follows that varieties that tend, the average, higher total nitrogen 
and nitrogen fractions high molecular weight, not also tend high 
saccharifying activities. apparent that relation exists 
between free barley saccharifying activity and total nitrogen any the 
nitrogen fractions. contrast, interesting note that varieties that 
contain larger proportions the more soluble nitrogen fractions also tend 
higher total barley saccharifying activity and malt saccharifying 
activity. The coefficients for the more soluble fractions and latent amylase 
activity are somewhat lower though still significant. 

The last section the table gives the correlation coefficients for the remain- 
ders. These provide further information the closeness the various 
relations studied and serve substantiate the general conclusions drawn from 
consideration the total correlation coefficients and the coefficients for station 
means. 

The individual varietal regression coefficients for several these relations 
have been calculated and the significance-of the differences between them 
examined statistical method. each instance significant differences 
were found exist, these being much the same relative order those 
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ANALYSES OF VARIANCE AND COVARIANCE FOR NITROGEN DATA AND SACCHARIFYING 
ACTIVITIES 
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between the varietal coefficients for the regression malt saccharifying 
activity total nitrogen, which were listed the previous section the 
Since the matter little theoretical interest and little practical 
importance, the detailed data and statistics need not presented. 


Saccharifying activities, degrees Lintner 


Total nitrogen and nitrogen fractions, Malt Barley 
dry matter 
Free Total Free Latent 
Correlation coefficients, total, 142 
Correlation coefficients for station means, 
Correlation coefficients for varietal means, 
Total nitrogen .039 .238 
Insoluble protein nitrogen .239 .188 
Alcohol-soiuble protein nitrogen .324 
Non-protein nitrogen .077 
Correlation coefficients for remainders, 120 


this and later tables denotes that the level, and that the level significance 
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Some Correlations with 1000-Kernel Weight 


Since Bishop’s (5) prediction equations for the diastatic activity malt 
are based the relation between diastatic activity and two independent 
variables, namely, nitrogen content and 1000-kernel weight the barley, 
seemed worth while investigate this relation with our data. 

first step the relations between total nitrogen and 1000-kernel weight, 
and between malt saccharifying activity and 1000-kernel weight were examined 
analyses variance and covariance. The resulting correlation coefficients 
are given the first two columns Table total correlations over all 
samples proved significant and negative both instances. However, 
apparent that neither relation close and significant correlations were 
not obtained for varietal and station means, presumably because the number 
pairs values available for study was insufficient. The statistics show, 
however, that there slight tendency for barley samples that are higher 
1000-kernel weight lower total nitrogen content and yield malts 
lower saccharifying activity. 


TABLE 


RELATIONS AMONG MALT SACCHARIFYING ACTIVITY (S) AND TOTAL NITROGEN (N) AND 
1000-KERNEL WEIGHT (K) BARLEY 


Station means .434 962** 
037 


Remainders 


Multiple correlation coefficients for the relation between malt saccharifying 
activity the one hand, and barley nitrogen and 1000-kernel weight the 
other, were then calculated the usual manner. These are given the 
third column data Table II, and for purposes comparison the corre- 
sponding coefficients for the simple correlation between malt saccharifying 
activity and barley nitrogen are given the last column. The multiple 
coefficient for varietal means not significant, and those for all samples, 
station means, and remainders are only slightly higher than the corresponding 
simple correlation coefficients for malt saccharifying activity 
nitrogen. thus apparent that the prediction malt saccharifying activ- 
ity from both total nitrogen and 1000-kernel weight will only slightly more 
precise than the prediction from total nitrogen alone. 

Since the improvement resulting from the addition 1000-kernel weight 
second variable was small, seemed advisable determine whether 
could considered significant. The variance the data for malt saccharify- 
ing activity was accordingly analyzed into portions accounted for by:— 
total nitrogen, the added effect 1000-kernel weight, and residual 
variance. The resulting statistics are given Table III. For the total, 
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varietal means, and remainders, the mean squares for the added effects 
1000-kernel weight are significantly greater than the corresponding mean 
squares for residuals, but the ratio for station means does not attain signi- 


ficant level. 
TABLE III 


ANALYSES OF VARIANCE OF MALT SACCHARIFYING ACTIVITY 


Total Station means Varietal means Remainders 
Variance accounted Degrees Degrees Mean Degrees Degrees 
square square “ square of square 
freedom freedom a freedom q freedom 
Total nitrogen 1 71637** 1 71714°* 1 73 1 4142** 
Added effect of 1000- 
kernel weight 1 3796 ** 1 445 1 17831* 1 695* 
Residual 141 499 9 602 9 3355 119 128 


last step the study these relations, the partial correlation between 
malt saccharifying activity (S) and total nitrogen independent 1000- 
kernel weight and the partial correlation between malt saccharifying 
activity and 1000-kernel weight independent total nitrogen were examined. 
The resulting partial correlation coefficients together with the corresponding 
simple correlation coefficients are reported Table IV. 


TABLE 
SIMPLE AND PARTIAL CORRELATION COEFFICIENTS BETWEEN MALT SACCHARIFYING ACTIVITY (S), 
AND TOTAL NITROGEN (N) AND 1000-KERNEL WEIGHT (K) BARLEY 


Varietal means .039 .486 .609* 


comparison the statistics the first two columns shows that 1000- 
kernel weight has little effect the relation between malt saccharifying acti- 
vity and total nitrogen, the correlation coefficients being essentially the 
same order, irrespective whether adjustment not made for the 
effect 1000-kernel weight. the other hand, comparison the last 
two columns data shows that total nitrogen has rather more effect the 
correlation between malt saccharifying activity and 1000-kernel weight. The 
partial correlation coefficient for varieties definitely higher than the cor- 
relation coefficient and the former significant whereas the latter not. 
may therefore conclude that the effect variations total nitrogen 
content tends mask the relation between malt saccharifying activity and 
1000-kernel weight. When adjustment made for the effect total 
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nitrogen, becomes apparent that varieties that are lower 1000-kernel 
weight tend higher malt saccharifying activity. The other three 
partial correlation coefficients suggest that the intra-varietal relation between 
malt saccharifying activity and 1000-kernel weight, independent the effect 
total nitrogen, almost negligible. 


General Discussion 


The investigation demonstrates that there definite association between 
total nitrogen content and saccharifying activity and that this relation 
closer than that between saccharifying activity and any the nitrogen frac- 
tions studied. When the relation examined more detail found that 
intra-varietal relation and does not apply between varieties. This 
also true the relations between saccharifying activity and insoluble 
protein nitrogen, and between saccharifying activity and alcohol-soluble 
protein nitrogen. thus appears that many the environmental factors 
that control the amounts total nitrogen and the less soluble protein frac- 
tions present the grain are also common the control the amounts 
amylase elaborated. result, environmental conditions that tend 
produce high nitrogen barleys also tend produce barleys that are high 
saccharifying activity and produce malts correspondingly high activity. 
the other hand, since inter-varietal relation exists, apparent that 
few, possibly none, the varietal factors that control total nitrogen and 
the less soluble protein fractions play part controlling saccharifying 
activity. 

contrast the relations just discussed, those between saccharifying 
activity and the more soluble nitrogen fractions, though considerably less 
close, exist both within and between varieties. thus appears that some 
the varietal factors that control the amounts the more soluble nitrogen 
fractions present the grain also play part controlling the amount 
amylase elaborated it. 

The authors are inclined accept with reservations the evidence for 
these inter-varietal relations. may that the correlations obtained are 
merely expressions differences among the three classes varieties repre- 
sented the investigation, and result only because happens that the 
five rough-awned six-rowed varieties are high soluble nitrogen fractions 
and saccharifying activity, whereas the four smooth-awned varieties and 
the three two-rowed varieties have lower values for these determinations. 
examination larger number varieties, containing several representa- 
tives each several classes barley, will required order collect 
sufficient data for adequate study these inter-varietal relations. 

The relations between total barley saccharifying activity the one hand, 
and total nitrogen and nitrogen fractions the other hand, proved 
slightly higher than the corresponding relations for free malt saccharifying 
activity. The differences are not great and can probably accounted for 
experimental errors introduced malting. Latent saccharifying activity, 
and especially free saccharifying activity, proved still less closely asso- 
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ciated with the nitrogen data. The investigation thus provides grounds 
for believing that the distribution total amylase between the free and 
latent state related the distribution nitrogen between the various 
protein fractions. 

Since latent saccharifying activity more closely related total nitrogen 
than any the nitrogen fractions studied, the investigation fails provide 
support for the hypothesis that the latent amylase rendered unextractable 
water through combination with insoluble protein high molecular 
weight. the other hand, the authors not consider that the results 
the investigation tend disprove this hypothesis. may that close 
relation exists between the amounts latent amylase and some protein 
present the grain, but that this relation not brought light because the 
comparatively crude fractionation methods used fail isolate the protein 
question any protein fraction with which closely correlated. 

Although the prediction malt diastatic activity from data the total 
nitrogen content barley does not appear matter much practical 
importance, seems worth while consider briefly the bearing the present 
investigation this subject. apparent that the prediction equation 
activity, total nitrogen content barley, and and are constants. 
Since both and (the regression coefficient) may differ for different varieties, 
separate equations will have worked out for each variety. addition, 
since least one and probably both constants will affected the malting 
method, particularly kilning, separate sets equations will have devel- 
oped for different malting conditions. these circumstances, the prediction 
equations calculated from the data and statistics discussed this paper are 
not given. The investigation appears yield for general use only rough 
rule thumb, namely, that variety has comparatively marked effect 
diastatic activity, and that within any one variety samples higher nitrogen 
content tend yield malts higher diastatic activity. 

should also noted that our study the simultaneous relation between 
malt saccharifying activity and the total nitrogen content and 1000-kernel 
weight the barley suggests that the very small increase the precision 
prediction that results from the inclusion the equation 1000-kernel weight 
not likely compensate for the added work determining this property. 
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STUDY THE MECHANISM FROST INJURY 
PLANTS! 


Abstract 


Observations micro-freezing apparatus isolated tissues the cortex 
hardy and non-hardy plants Catalpa and Cornus species, and the epi- 
dermis red cabbage, reveal that there are two modes freezing plant cells, 
intracellular and extracellular. 

intracellular freezing, ice crystals form first the protoplasm and then 
the vacuole. extracellular freezing, ice forms outside the cells from water 
the cells. The resulting dehydration the cell causes its collapse, the 
opposite walls coming together and squeezing the contents the periphery. 
Intracellular freezing fatal all cells visible mechanical disruption the 
protoplasm and vacuole. facilitated rapid freezing and occurs less easily 
and less frequently hardy tissues and trees and shrubs than non-hardy 
and herbaceous tissues. Extracellular freezing induced through slow cooling 
fatal all unhardy cells trees and herbs all temperatures below the freezing 
point, and cells hardy cabbage only —10°C. —15°C., but not 


cells hardy trees and shrubs. 
Both types ice formation have been observed intact plants red cabbage 


frozen refrigerator. 
The behavior hardened plants shows that intracellular freezing tends 


prevented them increased permeability water. regard extra- 
cellular freezing, from the behavior the cells freezing and micrurgy, 


mechanical injury hypothesis presented. 


Introduction 


Because their hydrated nature, most plants freeze when exposed tem- 
peratures slightly below the freezing point water. The nature the 
tolerance certain plants ice formation winter and the absence this 
tolerance summer have been subjects intensive investigation plant 
physiologists and pathologists the past century. The study these 
problems has been increasing practical and agricultural 
temperate climates. 

The recent work Scarth and Levitt (18) has demonstrated that the 
answer this problem sought primarily the study living cells. 
was shown that fundamental changes take place the protoplasm and 
vacuole when plant becomes hardened frost, changes far exceeding 
degree those demonstrated other methods. 

view the close correlation these changes with the hardiness the 
plant, these authors postulated causal relation between the progress the 
changes during hardening and the development resistance the injurious 
effects frost that appear unhardy unhardened plants. The nature 
and location the changes pointed mechanical modes injury, suffered 
either the freezing the thawing phase, both. Indeed, certain 
types mechanical injury, from which the hardening changes might afford 
protection, had already been reported various authors. 
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The first effect frost injury reported was the killing the plant 
formation ice crystals inside the cells (4, 12, 13, When this 
occurs, mechanical disintegration the protoplasm visible, will 
shown later. With few exceptions (1, 20), intracellular freezing has always 
been found fatal. One the protoplasmic hardening changes found 
Scarth and Levitt increase permeability. They state, con- 
dition for internal freezing that the temperature the cell sap fall below 
its freezing point. Ice first starts form the cell walls outside the cells, 
where normally grows the expense water that diffuses from cells. 
this keeps pace with the fall temperature, the resulting increase its 
concentration will prevent the sap from freezing, but with sudden drop 
temperature sudden crystallization result super-cooling, the rate 
which water can pass out the cell may the limiting factor deciding 
whether not ice will penetrate. then, condition when high 
water permeability may mean safety the cell.” 

Another mode mechanical injury occurs the thawing phase following 
purely extracellular freezing. According Iljin (9), the cell wall collapses 
freezing, and the cell killed thawing the breaking away the 
rapidly expanding cell wall from the more slowly expanding protoplast. 
The protoplasm consequently ruptured, either the moment disjunction 
during the subsequent deplasmolysis phase. 

Thus there are least two modes mechanical injury that accompany 
different modes freezing. The importance each, and the cellular 
change produced during hardening resist them, depends the relative 
frequency occurrence the respective modes freezing. The only 
instances the literature (cited above) observed intracellular ice are 
restricted filamentous algae and isolated plant tissues, which were usually 
exposed rapid freezing. Also, the locus ice formation previously observed 
intact plants has been intercellular (3, 12, 13, 21). These observa- 
tions have led the conclusion that the latter the natural form freezing 
and that injury through intracellular ice abnormal and unlikely occur 
nature. The importance the mode thawing factor determining 
injury has been generally discounted (5, 12, Three authors (5, 12, 13) 
found few minor exceptions which the rate thawing was limited 
importance. Akerman (1, showed that the rate thawing was im- 
portance only within certain temperature range. did not specify 
under what conditions observed the thawing injury whether was 
absent hardy plants. third mechanism injury apparently exists. 

Therefore, further investigation required both the frequency and 
conditions intracellular freezing and the effect extracellular freezing 
the cells. Little attention has been devoted observation 
differences between the behavior hardy and unhardy cells freezing and 
thawing, and while the hardening changes that Scarth and Levitt reported 
enabled them predict certain probable differences this respect, their 
inferences remained unverified. Continuing this work, have made 
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intensive study the visible effects freezing and thawing hardy and 
unhardy cells and tissues, directed along the following lines: 


study the separate behavior the protoplasm and the vacuole 
cells during the freezing and thawing isolated tissues, and comparison 
this respect hardy and non-hardy plants. 


study the mode freezing intact plants, and comparison 
this respect hardy and non-hardy plants. 


Apparatus and Materials 


make microscopic observations the natural freezing whole plants, 
was necessary section the frozen plants and manipulate the sections, 
without thawing, under the microscope. This was made possible the use 
refrigerated chamber, artificially lighted and large enough contain 
the plant, microscope, and observer. Temperatures —20°C. could 
obtained this cold chamber, and thermostat temperature control per- 
mitted uniform drop per hour. 


Apparatus was also required whereby isolated plant tissues could ob- 
served continuously under the microscope while the temperature the 
environment was altered from that the room one considerably below 
zero and versa. certain degree manipulation and access the 
tissue during exposure the freezing temperatures was essential. low- 
temperature stage, used Levitt and Scarth (11, 293), forms the basis 
the apparatus. part the work, low temperatures were attained 
placing blocks solid carbon dioxide the exposed metal 
surface this stage, either side the objective. facilitate conduction, 
non-freezing liquid medium filled the interior the stage. Temperatures 
were obtainable the cell the stage within ten minutes 
application the order prevent frosting, coating oil 
was used the glass surfaces the cell exposed room temperature. 
small glass tube surrounding the objective and resting the metal surface 
the stage protected the aperture the cell, that the lens the objective 
and the tissue were not clouded condensation vapor from the carbon 
dioxide. The tissue was warmed removing the carbon dioxide and 
siphoning liquid room temperature through the hollow stage. 


The above method gave constant but uncontrolled rate drop tem- 
perature which sufficed only for preliminary experiments. control the 
rate fall temperature for more extensive experiments, cooling was effected 
later different way. fluid cooled freezing mixture (salt and ice) 
was siphoned through the stage. Control the rate flow the fluid 
regulated the temperature the cell. 

galvanometer, calibrated give the temperature directly, and attached 
the junction point copper-constantan thermocouple inserted the cell, 
indicated the temperatures which the tissue was being exposed during 
the experiment. 
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The plants used, chosen chiefly because their cells lend themselves 
microscopic observation, were follows: woody, Pyrus malus, Catalpa 
hybrida, Cornus sp.; herbaceous, Brassica oleracea 


Experiments and Results 


FREEZING AND THAWING ISOLATED PLANT TISSUES 
MICRO-FREEZING APPARATUS 


Constant Rapid Cooling Means ‘‘Dry 

longitudinal tangential section the cortex the twig hardy Catalpa 
tree was cut and dried filter paper, mounted glass disc and covered 
with oil. disc was inserted the cell the apparatus 
and the blocks dry ice applied. The temperature the cell dropped 
—12°C. ten minutes. that point several protoplasts one end the 
section were became opaque. instant all the proto- 
plasts followed suit, and the section blackened from one end the other. 
Closer observation the phenomenon individual cells revealed that the 
opacity was caused the formation minute granular ice crystals through- 
out the protoplasm and vacuole. The ice formed first one end the 
protoplasm, continued around each side the vacuole the other end, and 
finally formed the vacuole. cell froze and darkened similarly, 
wave freezing and darkening passing acrosss the section. photograph 
taken such wave began shown The first frozen and blackened 
cells are the upper right-hand corner. 

After the section had thawed, was removed and centrifuged hyper- 
tonic solution calcium chloride and neutral red determine both 
plasmolysis and staining the survival the cells. All were dead. Naturally- 
pigmented cortical cells the twig hardy apple tree behaved exactly 
the same way. The darkening the vacuole, however, consequent upon 
the formation ice, was intensified the presence the pigment; this was 
used later indicate the death the cells. thawing, the separate charac- 
ter the protoplasm and vacuole was lost (Fig. 3B), and the pigment diffused 
out the cells into the surrounding medium. was apparent that such 
freezing within the cell, intracellular freezing, was fatal. 

Similar sections hardy Catalpa trees were subjected low temperatures 
the micro-freezing apparatus, but when the temperature approximated the 
freezing point the cooled tissue was ‘‘inoculated” with small crystal ice. 
(As noted above, the rate fall temperature was constant with dry-ice 
cooling.) the temperature dropped, the crystal was observed grow 
dimensions and radiate all directions over part the surface the tissue 
(Fig. the same time, needle-like and feathery crystals formed spon- 
taneously various loci, particularly the small intercellular spaces between 
the rounded corners four cells, but they did not cover the whole area 
the tissue. Though held temperature —15° for period one-half 
hour, intracellular freezing took place. was apparent that the crystals 
had grown withdrawal water from the cells, concentrating the intra- 
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freezing cortical tissue Cornus. Fic. Hardy tissue Cornus frozen 
after supercooling; After thawing. Contrast between hardy and unhardy 
tissues Cornus frozen under water after supercooling. Unhardy tissue, upper right, 
shows more intracellular ice. 
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cellular fluids. This was proved the behavior artificially stained cells, 
similar that described Iljin. the growth the crystals proceeded, 
the centres the cells were observed become lighter color until white 
patch appeared, surrounded brilliant red band the periphery the 
cell. The dehydration the cells had caused shrinkage the extent that 
the two opposite walls facing the observer had curved inward, come into 
contact the centre, and had squeezed the colored vacuole into the periphery 
the cell. 

Extended observations this mode freezing, made the cortical cells 
dogwood (Cornus showed that the crystals grew, the protoplasm and 
chloroplasts shrank and became closely pressed the cell wall like thin 
green film. Fig. shows this condition, well the growing and radiating 
ice crystal. (Reference Fig. will show the normal thickness the 
protoplasm unfrozen tissue.) was evident that the protoplasm well 
the vacuole became dehydrated and concentrated during the process. 
Presumably the freezing points the protoplasmic and vacuolar fluids were 
correspondingly lowered, that they remained below the temperature the 
cell dropped. Thus only external extracellular freezing was possible, 
and when the cells were thawed both the plasmolysis and staining tests 
indicated 100% survival. 

From these observations possible explain the intracellular freezing 
the first experiment. The fine capillary structure the tissues provided 
ideal conditions for supercooling. Consequently, lacking the stimulus 
crystallization afforded inoculation, the tissue supercooled far below 
the freezing point the cell fluids that when crystallization began, once 
penetrated into all the cells. 

some instances, however, probably because disturbance, the tissue 
supercooled only few degrees below the freezing point. this event, 
when intracellular ice formation began, progressed over the section slowly, 
appearing gradually one cell after another. these preparations was 
noticed that certain isolated cells groups cells were unfrozen, and remained 
so, although they were surrounded all sides internally frozen cells and 
were exposed for period min. These unfrozen cells were 
undergoing characteristic dehydration and concentration, shown the 
behavior the artificially stained Catalpa and naturally stained apple twig 
cells described above. When the section was thawed and subsequently 
treated with hypertonic solution and neutral red, the dehydrated cells were 
distincly plasmolyzed and stained. 

particularly clear example this phenomenon, provided the cells 
Cornus, illustrated Fig. Aand Fig. shows the frozen condition 
the tissue following supercooling. The internally frozen cells are dark. 
The lighter cells are dehydrated, and the shrunken protoplasm can seen 
dark border the periphery. Fig. shows the swelling the proto- 
plasm and the survival the dehydrated cells after thawing, and the disrup- 
tion and death the protoplasm cells that had been frozen internally. 
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hardy tree tissues, fatal intracellular freezing occurs when the tissue 
supercooled; but extracellular freezing, occurring when the tissue inoculated 
with ice crystal the freezing point, does not injure the cells. This 
clearly demonstrated Fig. and showing hardy tissue which 
both types freezing occurred the same time. Fig. shows the section 
the frozen condition. The cells with differentiation between the centre and 
periphery are intracellularly frozen. This differentiation persisted because 
the original thickness the protoplasm and vacuole was preserved for the 
moment the formation ice crystals within them, while the extra- 
cellularly frozen dehydrated cells the protoplasm becomes very thin. 
Fig. the same tissue after thawing. Conditions are now reversed. The 
separate identity the protoplasm and vacuole the extracellularly frozen 
and surviving cells restored, while the intracellularly frozen cells 
lost because the disruption and death the protoplasm. Fig. illustrates 
the result treatment with hypertonic solution calcium chloride; only 
the cells that had frozen extracellularly are plasmolyzed and alive. 

Parenthetically, attention called the cell indicated the arrow, 
Fig. and apparent, from the presence ice crystals this 
cell, that was frozen intracellularly. the thawed condition appeared 
alive, and hypertonic solution even plasmolyzed. The dark band 
protoplasm visible the periphery the living cells was not thick 
sharply defined this cell, nor did plasmolyze away from the wall 
clearly the others. This because ice had formed only the protoplasm, 
and the vacuolar membrane tonoplast remained intact. Consequently, 
this tonoplast plasmolyzed because retained certain degree its semi- 
permeability; but the cell can way considered alive. The proto- 
plasm destroyed, and the products its disintegration adhere the tono- 
plast, thus accounting for the lack clear space between the plasmolyzed 
part and the cell wall. 

all unhardy tree tissues, fatal intracellular freezing occurred spite 
inoculation. Applied dry unhardy tissues, inoculated crystal grew 
very slowly and radiated only short distance. the temperature dropped, 
intracellular freezing took place over the remainder the section, internally 
frozen cells occurring the very edge the crystal. Dehydrated cells were 
limited the region immediately underlying the crystal. noted 
that hardy tissues, when supercooling occurred before inoculation, intra- 
cellular freezing took place but was limited the cells the edge the 
section and remote from the ice crystal. 


Apparently, the explanation these observations that the rate mig- 
ration water through the cells the ice crystal was much slower unhardy 
than hardy cells. That is, the latter were more permeable water. The 
cells unhardy tissue not contact with the ice crystal could not dehyd- 
rated rapidly enough lower the freezing point the cell fluids sufficiently 
prevent intracellular freezing. The important factor these experiments 
was the rate passage water through the cells and tissue, indicated 
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the fact that with supercooling before inoculation, intracellular freezing occur- 
red cells hardy tissues remote from the locus crystal formation and 
last dehydrated. Yet readily did hardy cells lose water that even 
when the tissue was not inoculated and intracellular freezing occurred, some 
cells were dehydrated, surrounded others containing ice crystals that 
attracted water (Fig. 3A). 

The importance the rate passage water through the cells and tissues 
was demonstrated further when unhardy tissues previously immersed 
water were frozen. the freezing point, the water surrounding the tissue 
froze after inoculation, encrusting the tissue flat transparent sheet ice. 
Air was liberated the same time from the intercellular spaces, and extra- 
cellular freezing unhardy tissue, with characteristic dehydration the 
cells, occurred. The slight supercooling and the proximity the ice every 
cell made unnecessary rapid transmission water through the cells. But, 
despite the induction extracellular freezing, unhardy cells were dead 
thawing. Thus unhardy cells were not only more susceptible injury from 
intracellular ice, but they could also killed extracellular freezing. 

The behavior tree cells thawing indicated that possibly the mode 
injury was described cabbage cells. hardy cells the proto- 
plasm was observed swell several times its dehydrated volume (Fig. 
and B), while stained cells the colorless areas the centre disappeared 
and the dye was once more uniformly diffused through the vacuole. Appar- 
ently, the walls, protoplasm, and vacuole were absorbing water and expanding 
together their normal dimensions. non-hardy tree cells the wall was 
observed dilate thawing hardy cells; but certain point the 
protoplast broke away from the wall and seemed shrink, assuming ‘‘pseudo 
appearance. then slowly expanded and burst suddenly 
approached the walls, discharging its contents and killing the cell. 

Because the higher permeability hardy than unhardy cells, they ab- 
sorbed water more quickly thawing and were subjected far greater 
stresses during deplasmolysis, yet were more resistant than unhardy cells. 
This may explained difference enabling the hardy 
cells resist deplasmolysis more successfully than unhardy, found 
Levitt and Scarth. 

later experiments, the difference occurrence intracellular freezing 
hardy and non-hardy cells, after inoculation with ice crystals, was not 
constant. Sometimes the crystals hardy tissues would not increase 
size, and, the temperature dropped, intracellular ice formed right 
the ice crystals. other times the ice would spread once over the whole 
length unhardy sections, come into contact with every cell, and prevent 

The malleability semi-solid protoplasm surface tension other mechanical forces; 
the protoplasm were truly liquid, this would expressed low viscosity. Since this paper 
was submitted, Kessler and Ruhland (Planta, 159-204. 1938) have reasserted that viscosity 
increased hardening. agree with Scarth and Levitt regard the increased plasticity 
protoplasm the hardy condition. The possibility parallel change viscosity the 


internal cytoplasm does not affect the argument, the mechanical injury acts chiefly the plasma 
membrane. 
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supercooling and intracellular freezing. Thus the non-hardy tissues would 
show more intracellular ice than the hardy. This may have been due lack 
proper inoculation larger amount free water the unhardy tissue. 
But previously immersing the section water (ensuring extracellular ice 
contact with every cell), and combining this with different degrees 
supercooling before inoculation, was possible demonstrate the differences 
permeability between hardy and unhardy plants the same species and 
between tissues different species. Table shows the results for 
series such experiments, 

TABLE using both hardy and non- 


PERCENTAGE OCCURRENCE tissues Catalpa and 
CORTICAL SECTIONS Catalpa AND Cornus 
TREES FROZEN UNDER WATER WITH VARIOUS Cornus. 
DEGREES SUPERCOOLING. RATE FALL evident that the hard- 


ier the plant the greater its 
Catalpa resistance intracellular 
freezing, and also that Cornus 
Hardy |Unhardy| Hardy more resistant than Catalpa. 
This difference shown 


were frozen side side. The 
dark cells are intracellularly 
100 greater extent the unhardy 
100 seems more resistant than 


100 injury. This would imply 

that other kinds injury 

were found, such that sus- 

tained all unhardy cells result extracellular freezing and which 
hardy tree cells are totally resistant. 

was impossible produce extracellular freezing herbaceous plants, 
even hardy tissues, the rate freezing obtained with dry ice. Their 
susceptibility intracellular freezing may ascribed the properties 
their cells, which are large, with little colloidal matter and sap low con- 
centration. these cells have low ratio surface volume, relatively 
large amount water must lost raise the concentration appreciably, 
that the lowering the freezing point herbaceous cells cannot keep 
pace with the rapid drop temperature produced solid carbon dioxide. 
was possible that slower freezing would produce extracellular ice hardy 
non-hardy herbaceous tissues. use the apparatus already described, 
slower freezing with temperature control was obtained. this means 
was possible show that the same difference exists between hardy and 
non-hardy tissues herbs was shown trees. 
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Rate Cooling Controlled and Varied Regulating the Flow Cooling Fluid 

this and subsequent experiments herbaceous plants, red cabbage 
was used. can develop fair measure hardiness, which permits 
comparison between hardy and non-hardy plants, and its colored cells lend 
themselves observation intracellular freezing, both isolated tissues 
and the intact plant. 

The first attempt was slowly freeze sections the petiole unhardy 
and hardy cabbage order obtain extracellular formation ice. This 
was effected careful regulation the flow cooling fluid and inoculation 
0°C. Extracellular freezing characterized these red-stained cells 
whitening the centre the cell and darkening the periphery 
(Fig. 11B). The sections were taken directly from the leaf and placed under 
oil without previous immersion water. Sap escaping from cut cells resulted 
the formation ice, after inoculation, throughout the section and 
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TIME MINUTES 


20 30 


Fic. Effect rate and degree fall temperature the 
epidermis red cabbage. U.H. unhardy; hardy; 
point inoculation with ice crystal; Intra ice. 
Ice extracellular unless otherwise indicated. 


contact with every cell, which prevented localized supercooling. Uniform 
supercooling desired temperature was made possible postponing the 
inoculation until this temperature was reached. When such supercooling 
the tissue was carried below certain temperature, intracellular freezing 
always occurred both hardy and non-hardy cells. with rapid cooling, 
“flashes” ice formation within the cells were visible all over the section, 
but only the moment inoculation. the same time the pigment 
these cells distributed itself irregular but characteristic pattern, with 
intensification color. The ice crystals within the cells had displaced and 
concentrated the pigment. This appearance, combined with the 
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was certain indication intracellular ice formation, and was used subse- 
quently for its recognition (Fig. 11B). tree tissues, its occurrence 
always proved fatal both hardy and unhardy tissues. 

series experiments hardy and unhardy tissues, which the degree 
supercooling and the rate and degree drop temperature were varied 
over wide range, was now carried out. The results these experiments 
are represented Figs. and shows the results with variation 
rate and degree drop tem- 
perature. Fig. shows the results 
with different degrees super- 
cooling. Each line represents the 
temperature the cell the cold 
stage during the simultaneous sub- 
jection two tissues, one hardy 
and the other unhardy, tempera- 
tures below the freezing point. The 
time inoculation, and therefore 
inception ice formation, in- 
dicated From the lowest 
point each graph, which repre- 
sents the lowest temperature 
reached for the two tissues con- 
cerned, broken line drawn 
the record the percentage sur- 
Fic. Effect supercooling the freezing vival and the percentage intra- 


epidermis red cabbage. U.H. unhardy; 


crystal; Intra intracellular ice. Ice extracellular 


unless otherwise indicated. 
Figs. and indicate that (i) 


formation intracellular ice induced rapid freezing resulting from rapid 
drop temperature from supercooling previous inoculation; although 
equally fatal hardy and non-hardy cells, occurs more readily the 
non-hardy; (ii) extracellular freezing induced through slow cooling and 
prevention any marked supercooling. fatal unhardy cells all 
temperatures below the freezing point, while hardy cells are immune above 
—9°C. Below this temperature, hardy cells also succumb. 

apparent that while hardy herbaceous cells can killed extra- 
cellular and intracellular freezing, their resistance both greater than 
that unhardy cells. This resistance intracellular freezing may 
explained greater permeability water. explanation offered for 
the greater resistance shown extracellular freezing hardy cells. The 
injury thawing seen tree cells was not observed the cabbage cells. 

Establishment the role and importance permeability frost resistance 
depends, however, demonstration intracellular freezing mode 
injury occurring nature. therefore extended our observations whole 
plants exposed normal rates fall temperature. 


TEMPERATURE DEGREES CENTICRAOE 


TIME IN MINUTES 
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FREEZING WHOLE PLANTS AND LEAVES SLOW COOLING 


Several leaves from unhardy cabbage plant room temperature were 
placed the refrigerator C., following which the temperature the 
refrigerator was lowered. means thermocouple inserted into the 
petiole one the leaves, and connected galvanometer outside the 
refrigerator, temperature record the leaf tissue was obtained. The air 
temperature the refrigerator was read through window, from ther- 
mometer. The change the temperature the leaf well that the 
refrigerator are shown the upper graph Fig. 


INTRA 


TIME iN MINUTES 


Fic. Effect freezing leaves and whole 
plants hardy and unhardy cabbage. Intra intra- 
cellular ice. 


During the series temperature readings, sudden deflection the 
galvanometer, one-second interval, indicated abrupt rise leaf 
temperature (Fig. point A). Direct observation revealed that this leaf 
was curling, and that some the others were already curled. examination, 
was found that the curled leaves were brittle and discolored, the uncurled 
leaves were pliable and normal color. The former were apparently frozen, 
the latter were not. This was proved the case when all leaves were 
thawed immediately; the curled leaves became flaccid, the remainder were still 
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turgid. were placed water for few days and examined. The frozen 
leaves were now decaying, and the pigment had diffused from their cells, while 
the unfrozen leaves, which had not curled, were healthy appearance, turgid, 
and colored. This showed that the cells the curled leaves had been frozen 
and killed while the others had not. useful criterion the inception 
ice formation was established this way. Hardy leaves behaved exactly 
the same way, except that some the cells the curled leaves were not 
killed. Nevertheless the brittleness, the change color, and the appearance 
microscopic observation the leaves gave sufficient evidence freezing 
the curled leaves. 

Fig. shows that the leaves cabbage supercool approximately —7° 
when sudden formation the ice with evolution heat occurs. The tem- 
perature then falls slowly, representing the slow approach the temperature 
the leaf equilibrium with the temperature the surrounding air. 
clear also that some leaves supercooled much more than others, indicated 
the later incidence curling. Sometimes hour would elapse between 
the freezing one leaf and another. 

When whole cabbages were used, all the leaves froze approximately 
the same time, indicating that they supercooled about the same extent. 
Differences degree supercooling great greater than those shown 
between detached leaves were apparent between whole plants. 

Because intracellular freezing always accompanied supercooling isolated 
tissues, might expected that this would occur whole leaves and plants. 
investigate this point, number hardy and unhardy leaves and plants 
red cabbage were placed the refrigerator, and the temperature was 
lowered. simultaneous record time, air temperature the refrigerator, 
and curling each leaf was made means the observation window. 
When most the leaves had frozen, the uncurled leaves were removed and 
the curled leaves were examined quickly possible, under microscope 
previously placed the refrigerator. 

The ready visibility the red parenchyma cells along the veins, where 
they are unobscured green chloroplasts, and their characteristic appearance 
when frozen made the presence intracellular freezing quickly evident, and 
easily distinguishable from extracellular freezing, which the centre each 
cell whitens. The relative number cells showing intra- and extracellular 
freezing was recorded for each leaf. Then the leaves were thawed and placed 
water. this time and also few days later they were examined for 
viability the criterion already described. the study whole plants, 
the leaves were removed and examined the refrigerator each one froze, 
that the combined results represent the frozen plant frozen 
leaves and plants were exposed the lowest temperature shown their 
respective graphs, regardless their freezing temperatures. 

Fig. shows the results two freezing experiments whole leaves and 
one whole plants. The temperature the refrigerator during the three 
experiments represented the curves. various points along each 
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curve, arrows indicate the time and temperature which freezing each 
leaf plant occurred. The percentage cells containing intracellular ice 
and those surviving shown below each arrow. Observations the 
uncurled leaves removed from the refrigerator are shown one curve. 
These were unchanged color and not frozen. 


Surface cells the veins frozen leaves were photographed the refriger- 


‘ator illustrate the contrast appearance intra- 


freezing. Fig. shows extracellular freezing Leaf 7A; the pigment 
concentrated between the cell protoplasm and the vacuole. Fig. 10A shows 
intracellular freezing Leaf 10A, which froze later than Leaf 7A, and was 
therefore exposed lower temperature (Fig. top); the pigment concen- 
trated irregularly between the ice crystals. Fig. 11A shows both types 
freezing occurring one leaf (Leaf 2A, Fig. centre). the centre the 
photograph can seen extracellularly frozen and dehydrated cell, with 
concentration color the periphery. distinct from the surrounding 
intracellularly frozen cells, which the color concentrated irregularly 
between the crystals. Diagrams the two types freezing are shown 
Figs. 9B, 10B, and 11B. 

thawing, leaves that had undergone partial intracellular freezing showed 
red patches. Under the microscope these patches revealed red living cells 
distributed over the field and standing out sharply from the dead colorless 
cells that had been frozen intracellularly. 

While the results presented the graphs are not sufficiently numerous 
permit generalization, they indicate that intracellular freezing may endanger 
both hardy and non-hardy plants nature. was the only mode injury 
hardy cabbages the temperatures these experiments (Leaf 3A, 4A, 
Fig. 8). While the rates temperature decrease may have exceeded those 
occurring nature, the rapid drop the beginning two experiments did 
not affect the production intracellular ice. The determining factor its 
formation the extent and not the rate supercooling. When supercooling 
slight, extracellular freezing predominates and the injury hardy cabbage 
slight (e.g., compare Leaves and 10A, Fig. 8). 

Since unhardy cabbages supercool the same way, they also undergo and 
are killed intracellular freezing, the extent the latter varying with the 
degree supercooling (compare Plants and 6B). The results not 
show whether unhardy cabbages are more susceptible than hardy ones 
intracellular freezing, with one exception (compare and 5B). The results 


with whole plants corroborate the results with tissue that unhardy indi- 


viduals can killed extracellular freezing alone. 


Discussion 


clear that intracellular freezing natural and important source 
injury frost. Indeed, likely that the death herbaceous plants 
early frost can ascribed solely this type freezing, because when hard- 
ened they can survive extracellular freezing temperatures then obtaining. 
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When not hardened, either type freezing kills them. direct contrast 
these herbaceous plants are the hardy trees and shrubs that never succumb 
frost under any natural conditions, because they never undergo intra- 
cellular freezing and are immune all temperatures the effects extra- 
cellular freezing. 

Thus there are two mechanisms involved the development hardiness 
resistance frost injury. The first prevention intracellular freezing, 
the second resistance injury from extracellular freezing. This shown 
most clearly the experiments with isolated tissues taken from plants that 
can develop hardiness. They display both types resistance freezing 
much higher degree the hardened than the unhardened condition. 
Therefore, complete hardiness seems imply the successful operation 
both mechanisms resistance. 

Intracellular freezing apparently avoided increase the permeability 
the protoplasm water. Such increase shows strong correlation with 
the degree hardiness plant, found Levitt and Scarth, and can 
deduced from the difference behavior freezing hardy and non- 
hardy tissues. apparent that cell permeability water important 
factor hardiness; its measurement should use estimating this 
property. 

The mechanism resistance injury from extracellular freezing still 
obscure. some instances mechanical injury was observed the thawing 
phase, but this occurred only tree tissues and was associated with extremely 
rapid thawing The greater resistance hardened cells trees this 
type injury may due lower viscosity their protoplasm; but cells 
tender unhardened plants can killed extracellular freezing, even 
though the injury not apparent during thawing. 

Slow thawing rarely saves frozen plant that would otherwise perish. 
Similarly, cells dehydrated evaporation (which produces morphological 
effects similar freezing) can allowed reimbibe moisture very slowly, 
yet they are desiccated beyond critical point that depends their drought 
hardiness, they not survive (Whiteside, unpublished results). But dehyd- 
ration per does not appear the injurious factor, because when produced 
strong not necessarily fatal even the least hardy cells. 
fact, the chief cause death after plasmolysis the mechanical injury that 
may occur during deplasmolysis, the latter too rapid. The inference 
that dehydration frost also produces injury through some its mechanical 
effects. Considering the drastic alteration shape and volume that cell 
undergoes dehydration, not surprising some its essential organiza- 
tion destroyed incapable repair when the cell starts reimbibe water. 

Micrurgical study has shown that repair the plasma membrane unlikely 
when its destruction rapid, and especially when the protoplasm highly 
viscous. This condition obtains when strongly dehydrated protoplast 
starts imbibe water. The lower viscosity the protoplasm hardy 
cells facilitates the reorganization the plasma membrane. continuing 
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this study through micrurgical experiments and comparison with true 
drought resistance, hope examine further what probably the com- 
monest mechanism frost injury, the effect extracellular freezing. 


16. 
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Abstract 


Houseflies were reared artificial medium and tested with different wave- 
lengths spectral light obtained from quartz-mercury arc. The spectrum 
tested extended from and the lines were made approxi- 
mately equal intensity throughout. addition, and \4078 were test- 
several other intensities. The comparison standard all cases was 
white light, obtained from tungsten-filament, inside-frosted bulb, and filtered 
through copper sulphate solution. was constant quality, and the intensity 
was varied changing the size the bulb and varying the distance from the 
bulb the copper sulphate filter. The lighted areas which the flies reacted 
were mm. one these fell total intensity colored light 
approximately 10.3 microwatts, the other range intensity white light 
from 0.34 36.1 uw. 

Flies tested were removed from the breeding cage ten hours before 
tests began and were kept darkness until used. Each fly whose record was 
used compiling the final results was caused make ten trips towards the two 
test lights, and record was kept the choice each trip. 

description and discussion the four different methods found the 
literature for conducting experiments this type, and for analyzing the results, 
are included. first method, the intensity the test light given wave- 
length kept constant, while that the standard light, usually white, varied 
until both are equally attractive. 

The second method involves testing the colored light against fixed intensity 
white and finding the ratio insects attracted color. The intensity 
white that will give the same ratio attractiveness when tested against the stan- 
dard then determined. 

the third method, the two test lights are made equal intensity, and their 
relative efficiency considered directly proportional the number 
insects attracted each. 

the last method, the standard kept fixed both quality and intensity, 
and the intensity the test color varied until the two are equal attractive- 
ness. 

Application the first three methods the same data shows that they give 
results that vary greatly the intensity changes. Some show that efficiency 
increases the intensity increases, while others show decrease efficiency with 
increasing intensity. 

the intensities all colored lights are equal, the three methods give prac- 
tically the same qualitative results when applied the same data. That is, 
curve efficiency found which has its peak the same wave-length, whatever 
method used. Quantitatively, the results given the three methods differ, 
that definite ratio attractiveness can determined between colors. 

The data obtained were not amenable analysis the fourth method, but 
published results indicate that this perhaps the best method for determining 
quantitative relation between the stimulative efficiencies light different 
colors. 
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The housefly, domestica, more strongly stimulated ultra- 
violet light wave-length 3656 than any other part the spectrum 
examined. The effect decreases, first rapidly and then more slowly, the 
longer wave-lengths are reached; also decreases the short-wave side the 
peak. The spectrum available extended only far the ultra- 
violet, which point there was still appreciable attractiveness, apparently 
greater than that either yellow green. 

Several problems are suggested that require further investigation. 


Introduction 


The importance light the existence insect life has been known for 
many years but only within the last three decades that much progress 
has been made the study its effect. About 1890, the study physio- 
logical effects light was receiving considerable attention, but the apparatus 
and methods available that time were soon exhausted, and for about 
twenty-five years the subject was almost forgotten. However, with the dis- 
covery the effects ultraviolet radiation biology and the development 
various sources artificial light, together with the improvement photo- 
metric methods, there has developed increasing interest the general 
problem phototropic responses. 

Many data are available the response insects colors, but the larger 
part the work appears have been based training methods. Following 
the method ordinarily employed, the test insects are trained come 
variously colored surfaces for food, and their ability distinguish these 
colors taken criterion their ability recognize different wave- 
lengths light. Qualitatively, such method has much recommend it, 
and very interesting results have been obtained; quantitatively, leaves 
much desired. important criticism many experiments that 
brightness has not been considered, or, considered, has been inadequately 
corrected. Too frequently, spectral limits are almost disregarded and 
cient attention given the possibility odor playing part. 

More recently the tendency has been use spectral colors, either mono- 
chromatic narrow band, the source light, and take the energy 
factor into consideration. Various methods doing this have been followed, 
but has been found that the results not always agree (6, 88). This leads 
the suspicion that some all the methods must inaccurate, and 
shows the need for more intensive study methods, before quantitative 
conclusions can drawn. 

Apart from the purely scientific interest such investigations there the 
aspect practical application. Larger and larger sums are being used every 
year the fight control insects. some knowledge the basic responses 
insects various factors the environment can accumulated, 
conceivable that more efficient means control might devised. With 
these thoughts mind, the experiments described later were initiated. 

Considerations space have made necessary omit survey the 
literature, which was included information taken from approximately 
100 papers; only that which has direct bearing the present problem has 
been retained. The bibliography, however, appended. 
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Experimental 
ANIMAL 


The test animals used these experiments were adult Musca domestica 
Linn. first they were reared horse manure, but this proved unsatis- 
factory, and eventually synthetic larval medium was used, made follows: 
wheat bran, 165 alfalfa meal, gm.; dextrose, gm.; dried yeast, gm.; 
water, 600 cc. These were worked into mash. This culture medium 
modification that described Richardson (85). 

The above amounts were mixed for each dish medium, and three dishes 
were kept the breeding cage all times. They were replaced rotation 
weekly intervals, and were covered with wire cone after the first week. 
This cone had small opening the top the flies could escape they 
emerged, but prevented the females from laying eggs the older media. 
this way the cage was kept well supplied with healthy flies. 

For each day’s tests, the flies were removed from the breeding cage the 
morning, placed individual homeopathic vials, mm. size, 
and stoppered with plug absorbent cotton dampened with two drops 
distilled water. This amount water was found most favorable; the 
flies were kept all day with moisture, mortality was very high, and the 
plugs were too moist, the flies did not respond well during the experiments. 
The vials were kept covered box the darkroom until used. 

Owing difficulties with the electrical service, well making measure- 
ments intensity during the day, tests were usually carried out after 6.30 p.m. 
rule the flies were removed from the breeding cage about 8.30 a.m. 
the few occasions when was possible test during the day, the flies 
were placed their vials ten hours before the test began, usual. Since 
the flies were kept total darkness during this period, all the tests are strictly 
comparable. 

Dolley (20) found that dark adaptation for one hour increased the sensitivity 
light the eye Eristalis tenax times, this maximum being main- 
tained for about two hours, after which sensitivity decreased rapidly 
point lower than that the light-adapted eye. 

Wolf and Zerrahn-Wolf (100) have made tests dark adaptation the 
honeybee, and they find increase sensitivity about 1,000-fold 
min., after which the level remains constant. Unfortunately, they 
apparently did not test the bees after more than min. darkness, not 
known whether there decrease similar that reported for tenax. 

domestica behaves the same way these other insects, the pro- 
longed period darkness (originally due circumstances rather than choice) 
distinct advantage that the eye has reached its constant level 
sensitivity. Possibly the results might different with shorter period 
adaptation, the level sensitivity might not vary the same way for 
all wave-lengths. That, however, separate problem. 

first 15, and later 20, flies each sex were used each day’s trials, 
and the results were analyzed separately. For the sake uniformity, the 
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males were always tested first. practically tests did all the flies respond, 
there were always some that died during the period dark-adaptation, 
and some would give only partial response (i.e., would not make ten trips) 
none all. Results were not included the total responses unless the 


flies made ten trips the test lights. 


APPARATUS 


Fig. shows the apparatus used for testing the phototropic reactions, and 
Fig. 3its plan. darkroom, and was essentially the same that 
developed Bertholf (6), with some alterations, which felt are definite im- 
provements. The reaction box supported three adjustable legs, was 
stead being wooden construction with screen top, was made with the 


Fig. 3 


Fic. 3. Plan of apparatus for testing the reactions of flies to light. A, Pilot light. B, Ground glass screen. 
C, Glass sides of reaction box. D, Line from behind which flies started to light. E, Line which flies always passed 
to complete a response. F, Inner division of reaction box. Gi, G2, Ground quarts screens. Hi, H2, Synchronised 
shutters. J, Tube carrying lens and slit for white light. Ki, Lens system for white light. Li, L2, Independent 
shutters. .M, Monochromator. N, Copper sulphate filter. O, Diaphragms. P, Pointer. Q, Scale for setting 
white light. R, Source of white light—inside-frosted, tungsten-filament bulb. S, Tube to reduce stray light. 
T, Quartz lens. U, Quartz-mercury arclamp. X, Reaction box. Y, Case for white light. 2Z, Case for arc lamp. 


top and bottom glass. Inside, partitions were placed that the space 
which the fly was liberated was the shape broad This was found 
necessary, otherwise the flies would often get into the corners, where they 
were out the field light. The outer sides, the were made strips 
glass painted the inner side with flat black paint. These were spaced cm. 
apart the narrow end, and cm. the wide end. The inner V-shaped 
division, was piece galvanized iron covered with black crepe paper. 
extended 19.5 cm. into the box, and the ends were spaced cm. apart. 
The bottom the box also was lined with the crepe paper. The paint and 
paper served cut down reflection from the sides and bottom the box, 
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PLATE 


Fic. Darkroom with for testing the reactions flies light. Mono- 
chromator; vd, ducts; Reaction box place. 


Fic. Darkroom with apparatus for measuring light intensity. Copper case con- 
taining thermopile, position for measuring the intensity white light; Monochromator. 
vd, Ventilating ducts; Reaction box moved one side. 


id, 
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and, the top and bottom being glass, was possible, holding light under- 
neath, find fly which had strayed dark corner. For this purpose 
ruby light was used, order that the dark adaptation the eyes the fly 
might disturbed little possible. The screens and were both 
ground quartz and were centered the ends the arms the cm. 
apart. The light fell the ground side these screens. Screen was 
ground glass and was made movable slide, that the flies might 
introduced and removed here instead through hole the floor the cage. 
Lamp was table lamp converted bull’s-eye, instead being box, 
thus allowing access the opening 

The box which contained the lamp producing white light, was about 
142 cm. long cm. square. had, the exit end, tube 20.3 
6.3 cm., provided with slit such size that the light formed image 
mm. the quartz screen G;. This tube contained the lens system 
which was combination approximately, that the white light 
had angle divergence similar that the colored lights emitted from 
the monochromator was shutter used cutting off the light from 
the thermopile while intensity measurements were being taken. The dia- 
phragms reduced the amount stray light, and was glass cell cm. 
thickness filled with 1.9% solution copper sulphate. was Mazda 
110-volt, inside-frosted, tungsten-filament bulb 40-, 100- 200-watt size 
depending the required intensity the white light. Its support was 
movable along track, and could set means the pointer and 
scale that the filament was any distance from 100 cm. from the 
filter This served guide for setting the lamp position, and could 
not used means determining intensities, the bulb was not 
point source, and the filter and lens interfered with intensity being de- 
termined the law inverse squares. The light intensity was measured 
before each series tests. 

The source colored light was Hanovia Advanced Research Model 
220-volt d-c. quartz mercury arc enclosed practically light-proof case 
This lamp was used conjunction with Bausch and Lomb quartz mono- 
chromator During the course the experiments two burners were used. 
The first one operated 130 volts, consuming amp. developed leak, 
and another arc was substituted which operated 3.3 amp. and 125 volts. 
This substitution had influence results, quality was determined 
the setting the monochromator prisms, and intensity the width 
the collimator slit the instrument. Light was taken from the window 
the positive end the arc tube, and was focused means the quartz 
lens the collimator slit the monochromator, from which the quartz 
dust cover was removed order reduce losses reflection. Stray light 
the room was reduced much possible means the tube which 
was made telescope that could separated and the arc and its housing 
could tilted for lighting. this system also independent shutter 
was placed that the light beam could interrupted when the intensity was 
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measured. ventilating system, consisting the ducts shown Figs. and 
(vd) and fan, carried the heated air from both light sources into the outer 
laboratory, thus keeping the temperature the darkroom low possible. 


The monochromator was Bausch and Lomb instrument, model 2800, 
which all lenses and prisms were crystal quartz. The drum for setting 
the instrument was graduated from 200 800 millimicrons. the gradua- 
tions were not quite accurate, all lenses and prisms were always set give 
maximum intensity. Because the spectrum the mercury arc has fairly 
widely separated lines, error quality would introduced this method. 
order eliminate possible change quality, the series tests with each 
wave-length light was completed before starting the next, thus avoiding 
the necessity for resetting the instrument. Throughout the experiments 
the telescope slit was set width 0.136 mm. (by microscopic measure- 
ment), this gave image 5.0 mm. wide the screen The collimator 
slit was set give practically equal intensities the different colors, except 
for green and violet, which several intensities were examined. Owing 
the internal reflection that commonly occurs instrument this nature, 
the lights obtained were not truly monochromatic. For each setting the light 
was examined spectroscopically, and the results are listed Table 


TABLE 


IMPURITIES OF SPECTRAL LIGHTS OBTAINED FROM MONOCHROMATOR, AS SHOWN BY 
SPECTROSCOPIC EXAMINATION 


Wave-length 
Impurities 
Angstroms 


3022 Traces 5780, 5461, 4970, 4359. 
3132 Traces 5780, 5461, 4359. 


3656 Very faint 5780, 5461, 4359. 

4078 Faint 5780, 5461; trace 4359, 4108. 

4359 Faint 5780, 5461; medium 4295, 4288; very faint background 4379 4288. 
5461 Faint 5780. 


5780 Faint 5890, 5857; trace 5461; faint background 5926 5857. 
White Continuous spectrum from 4130 6835. 


Owing the fact that the spectroscope was graduated the short-wave 
end the spectrum only far any ultraviolet impurities which 
may have been present are not included. estimate, based the apparent 
visual intensity the different lines and therefore admittedly only approxi- 
mate, that case did the total impurity amount 10% the intensity 
the spectral color desired. 

The instrument for measuring light intensity shown position Fig. 
consisted Moll linear thermopile enclosed within copper case, 
and mounted with quartz lens f:2.67 base that could moved 
according the wave-length being examined, that the light was focused 
the receivers the thermopile. This was connected through reversing 
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switch Zernike sensitive galvanometer, the scale which was placed 
distance about 2.5 from the mirror. Additional external resistances 
were also provided, increase the range intensities that could measured. 


taking readings, the switch was closed and the zero noted, then the 
shutter (Fig. was opened and the deflection noted, the shutter 
closed and the zero again read. The two zeros were averaged, and subtracted 
from the deflection. The switch was then reversed, and the procedure 
repeated. The two values obtained were averaged. Usually five such pairs 
readings were taken, and the average value all five, when corrected in- 
dicated below, gave the intensity the light for that particular series tests. 
The thermopile-galvanometer combination was calibrated against standard 
lamp obtained from the National Bureau Standards, Washington, 
and curve was drawn show the relation between deflection and energy. 
From this curve the intensity the different colors and the different set- 
tings the standard white could read directly absolute units. 


The lens the thermopile unit was arranged collect all the light coming 
from the slit the source, that intensities are given the total amount 
light falling the ground side the quartz screens and For 
monochromatic light this appeared the most satisfactory method avail- 
able for determining the intensity. applied white light, may 
criticized because such light means monochromatic, and hence single 
lens would not focus all the receivers the thermopile. However, 
the light was always the same quality (the intensity was varied moving 
the bulb), and screen acted the source for the lens. Thus the lens was 
fixed distance from source constant quality, and consequently the 
proportion the various wave-lengths falling the receivers would 
constant. the lens was adjusted give maximum deflection the 
galvanometer, probable that the total error measurement quite 
small, and the results may accepted correct within, least, the limits 
expected the reactions the flies themselves. 

Considerable difficulty was experienced making the actual measure- 
ments light intensity. This was due the fact that the intensity was 
very low, and extremely sensitive galvanometer had used. Static 
electricity affected this instrument such extent that and its leads 
had thoroughly shielded, and practically all other articles the room 
had grounded. Besides these precautions, was necessary keep 
the humidity the darkroom above 60% order that static charges 
non-conductors might leak off much possible. the galvanometer 
was not the vacuum type, the wind also caused much disturbance, varia- 
tions air pressure caused even moderate breeze making the galvano- 
meter unsteady that accurate readings could not taken. these 
occasions tests with flies were not carried out, was found advisable 
take intensity readings each night, order sure that the instruments 
had not been moved out alignment, that other source error was 


present. 
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was found that the operating condition the lamps, and especially the 
voltage, must kept within very narrow limits, otherwise quite wide 
variations occurred the intensity the light produced. For this reason 
the lamp supplying white light was equipped with rheostat and the voltage 
was controlled accurately 110, voltmeter being across the terminals 
the lamp all times. The arc lamp was provided with both voltmeter 
and ammeter and was operated 125 volts, drawing 3.3 amp. This 
was regulated rheostat, and also controlling the temperature means 
damper the ventilator duct. All three meters were checked and any 
necessary adjustments made before each fly was tested, and occasionally 
during test any fluctuations occurred the power line. 

Table shows the intensities the white and colored lights used, the 
values being the average all readings taken for each intensity white and 
for each wave-length. The intensities the colored lights varied for the 


TABLE 
INTENSITIES LIGHT USED 


White light Colored light 

Size Intensity, Wave-length, 
bulb, watts (males) 
200 36.10 3022 10.43 10.40 
100 3132 10.09 10.09 
100 3656 10.78 10.59 
100 16.84 4078 9.77 9.71 
100 11.39 4078 6.75 6.76 
100 4078 4.41 4.42 
100 6.45 4359 9.87 9.78 
100 5.35 5461 21.90 21.47 
100 3.30 5461 14.42 14.80 
100 2.87 5461 7.94 7.94 
100 1.46 5461 5.96 5.98 
0.78 5461 4.10 4.12 
0.34 5780 9.97 9.98 
White 10.78 10.78 


two sexes number occasions when the arc lamp became extinguished 
and had relighted and the intensity remeasured. such occasions 
was found that the light intensity was seldom exactly equal that used 
before, and consequently the average all results varies somewhat. The 
yellow light indicated being because the monochromator would 
not separate the two yellow lines the spectrum. The intensity values 
shown Table are believed correct within about +10%. 


TECHNIQUE TESTING 


The technique testing the reactions the flies was practically the same 
that used Bertholf determining the effect ultraviolet light bees. 
When fly was tested, the intensities the white and colored lights 
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having been measured and recorded and the reaction box (Figs. and 
put place, vial containing fly was taken from the covered box and the 
fly introduced through the opening raising the glass slide screens 
and meanwhile being illuminated the test lights. The fly was allowed 
proceed until had passed the imaginary line and thus was definitely 
headed for one screen the other. The shutters and were then 
dropped, and light turned on, thus bringing the fly back the starting 
point. The fly was always brought back least far the imaginary 
line that was the full field light from both screens, and care 
was taken see that was either the bottom the top the box, and 
not one the side pieces, This was necessary precaution, was 
noticed that quite often fly the side would travel along without showing 
any tendency toward preference choice lights, sometimes this way 
going repeatedly the light known less attractive. 

possible explanation this phenomenon found the results 
obtained Hecht and Wolf (39) with the honeybee. They showed that the 
lower part the compound eye more sensitive light than the upper 
part. fly vertical surface, the side piece the reaction box 
the present experiments, and exposed two lights that are side side 
horizontally, then the fly one above the other, and more light from the 
source nearer the vertical surface will reach the lower part the eye. 

TABLE III 
SAMPLE RECORD OF RESULTS 


domestica—female 
White-distance—25(100)* 
Intensity—15.47 mm.** 


Date— 
Wave-length—white 
Intensity—46.38 mm.** 


Response 
Fly No. Remarks 
Color White 
5-10 1,2,4 Poor 
1-7, 8,9 Good fair 
2-1 Fairly good 


indicates that 100-watt bulb was set in. the scale. (Fig. Q). 
Deflection galvanometer scale. 


. 
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this part, the bee, more sensitive, then, even though the lights 
may actually equal stimulating value, the light will have 
greater effect, and the fly will tend it. 

record was kept each trip, shown Table III. Sometimes was 
necessary stimulate the flies respond tapping the box with light 
rubber mallet, and sometimes even this would not cause them move. All 
such failures respond were recorded. this behavior that the words 
“good”, poor’’, etc., the remarks column refer. means 


Fics. 4-8. Abscissae, intensity of white light, uw. Ordinates, ratio attracted to white light. Males x x 
Females--- O---. FiG. 4. Relation between attractiveness of green light \5461 : s at an intensity of 
21.90 (for males) and 21.47 (for females ) uw., and white light of varying intensity. FiG. 5. Relation between 
attractiveness of green light \5461 A, atan intensity of 14.42 (for males) and 14.80 (for females ) uw., and white 
light of varying intensity. FiG.6. Relation between attractiveness of green light \5461 A, at an intensity of 7.94 
(for males) and 7.94 (for females ) pw., and white light of varying intensity. Fi1G. 7. Relation between attrac- 
liveness of green light \5461 A, at an intensity of 5.96 (for males) and 5.98 (for females ) uw., and white light 
of varying intensity. Fic. 8. Relation between attractiveness of green light \5461 A, at an intensity of 4.10 (for 
males ) and 4.12 (for females ) uw., and white light of varying intensity. 
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that not more than two responses were made without slight stimulation, 
that least eight trips were made unaided. The other classes were 
graded between these extremes. interesting observation made during 
the course the experiments was that such stimulation appeared more 
frequently necessary while testing the shorter wave-lengths, and especially 
the ultraviolet. 

Each wave-length was tested against number intensities white, 
that curve showing the ratio response could drawn. The intensities 
were chosen, far possible, give curve that would pass through the 
point equal attractiveness. one two cases this could not done, 
will explained. For each pair lights, the test was repeated from two 
six times, depending the total number flies reacting, and the con- 
sistency the results obtained each test. 


Results 
EXPERIMENTAL DATA 


The results were tabulated show the ratio flies going the white 
light each intensity and each wave-length. They are shown Tables 
and and graphically Figs. 20. The ratio response white 
rather than that color shown because, for each series tests with given 
wave-length, intensity white was the variable factor while wave-length 
intensity was constant. Thus the curves show the effect response 
white light varying its intensity, instead the effect response color 
varying the intensity white. the point sought for any series that 
which the two lights are equal attractiveness, the ratio being 1.0, 
immaterial which way the data are plotted. For points other than equality, 
the ratio going color the reciprocal that going white. 

The curve (Fig. 16) for drawn with the abscissa half scale, 
because was flat that otherwise would have been impossible extra- 
polate for the intensity giving ratio 1.0. The lower intensities white 
unfortunately were not tested against this wave-length. 


wave-length \5461 tests were conducted the intensity used 
for the other wave-lengths. Therefore, for purposes comparison, value 
10.32 was chosen. This the average the intensities all 
other colors used. The various values relative attractiveness this 
intensity required for the analysis results were then interpolated from the 
appropriate graphs, Figs. and 13. 


all curves, the portion representing the attractiveness low intensities 
white bent sharply downward. This was done the assumption that 
the variable white was extinguished, the flies would not that side 
the reaction box. Consequently the origin was used point plotting 
all curves. Examination those graphs (e.g., Figs. 19) which the 
data are sufficient, shows that this assists giving well-fitted curve. 


| 
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TABLE 


RESPONSES MALE domestica LIGHTS DIFFERENT WAVE-LENGTHS 


Wave- | Intensity | Intensity | Number Ratio Wave- | Intensity | Intensity | Number Ratio 
length, | of color, | of white, | of observ-| attracted || length, | of color, | of white, | of observ-| attracted 


pw. pw. ations by white A pw. pw. ations by white 
3022 10.43 5.35 330 0.918 5461 21.90 1.46 130 0.340 
7.73 490 1.017 3.30 230 1.054 
16.84 360 1.169 7.73 60 1.308 
2732 410 1.071 11.39 50 1.500 
36.10 140 1.692 27.52 110 1.852 
3132 10.09 7.73 360 0.905 5461 14.42 0.78 240 0.967 
16.84 450 1.018 3.30 280 12% 
| 27.52 490 1.095 200 1.222 
j | 19.82 200 1.2¢3 
3656 10.78 | i6.* 450 0.673 | i 
| 27.52 490 0.812 5461 7.94 0.78 436 0.945 
36.10 386 0.910 3.30 120 1.308 
16.84 110 1.750 
4078 9.77 3.30 210 0.654 
5.35 260 0.844 5461 5.96 0.34 37 1.067 
7.73 320 1.013 1.46 320 1.406 
16.84 270 0.875 3.30 180 1.813 
27.52 290 1.015 $.35 250 1.273 
36.10 200 1.632 
5461 4.10 0.34 380 0.959 
4078 6.75 3.30 0.818 
5780 9.97 1.46 300 0.765 
7.73 310 0.950 
2.87 390 1.053 
16.84 320 1.238 
3.30 250 1.427 
27.52 270 1.523 
36.10 240 1.449 $.35 320 2.077 
7.73 520 1.811 
16.84 290 2.333 
4078 4.41 6.45 240 0.727 27.52 230 3.600 
11.39 220 1.000 36.10 240 2.559 
27.52 240 1.425 
White 10.78 1.46 290 0.1935 
4359 9.87 3.30 230 0.565 3.30 400 0.465 
5.35 370 0.832 5.35 400 0.613 
7.73 340 1.048 7.73 470 0.880 
16.84 400 1.084 16.84 380 1.360 
27.52 260 1.031 27.52 360 2.462 
36.10 190 1.375 36.10 460 2.332 


METHODS ANALYSIS 


Consideration previous work 

Four methods for the determination the relative stimulative efficiency 
lights different wave-length have been reported. Method described 
Mast (65), the energy the test wave-length kept constant, while that 
the standard (white) varied until the lights are equally attractive. This 
the method used Bertholf (6) studying the reactions bees ultra- 
violet light. 

Method modification made Bertholf (5) his study the 
reactions bees different regions the visible spectrum. This method 
involves testing each wave-length against fixed intensity white and 
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TABLE IVa 
RESPONSES FEMALE domestica LIGHTS DIFFERENT WAVE-LENGTHS 


Wave- | Intensity | Intensity | Number Ratio Wave- | Intensity | Intensity | Number Ratio 
length, | of color, | of white, | of observ-| attracted length, | of color, | of white, | of observ-| attracted 


pw. pw. ations by white A pw. uw. ations by white 
3022 10.40 5.35 440 0.630 5461 21.47 3.30 250 0.701 
7.73 530 0.636 7.73 60 0.875 
16.84 530 1.104 11.39 120 1.450 
27.52 560 1.974 27.52 70 1.188 
36.10 210 1.307 
5461 14.80 0.78 250 0.923 
3132 10.09 7.73 350 0.591 3.30 150 1.206 
16.84 360 0.846 5.35 190 0.959 
27.52 420 1.049 19.82 270 1.523 
3656 10.59 16.84 440 0.636 5461 7.94 0.78 440 0.947 
27.52 420 0.867 3.30 210 1.059 
36.10 380 0.900 16.84 120 1.222 
4078 9.71 3.30 200 0.626 5461 5.98 0.34 420 0.901 
5.35 380 0.697 1.46 230 0.983 
7.73 390 0.726 3.30 140 1.090 
16.84 430 0.937 5.35 260 1.261 
27.52 470 0.958 
36.10 220 1.650 5461 4.12 0.34 80 0.818 
0.78 370 0.978 
4078 6.76 3.30 310 0.574 
4.35 30 5780 9.98 1.46 330 0.737 
7.73 410 0.889 
2.87 410 1.370 
16.84 490 1.345 
27.52 410 1.370 
36.10 210 2.010 5.35 420 1.782 
7.73 560 1.732 
16.84 420 2.652 
4078 4.41 6.45 230 0.855 27.52 280 3.828 
11.39 250 0.894 36.10 220 4.947 
27.52 240 1.124 
White 10.78 1.46 330 0.218 
4359 9.78 3.30 290 0.457 3.30 430 0.458 
5.35 410 0.502 5.35 410 0.444 
390 0.789 7.23 390 0.797 
16.84 390 1.080 16.84 420 1.080 
27.52 300 1.098 27.52 410 1.662 
36.10 230 1.212 36.10 450 2.082 


determining the ratio attractiveness. Then white variable intensity 
substituted, and the intensity which, when tested against the standard, has 
the same ratio attractiveness that the wave-length, determined. 
both methods the value found corrected allow for differences inten- 
sity the color. The result taken the stimulative 
the color tested. 

Method used Sander (88), involves making the standard and the test 
wave-length equal intensity, and determining the numbers test animals 
attracted each, this being taken measure the relative efficiency. 
Method also used Sander, the test wave-lengths are adjusted 
intensity until they are equal attractiveness standard that fixed 
both intensity and quality. The relative efficiencies the tested lights 
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are considered proportional the intensities found, because these 
intensities are found equally attractive when tested together. 


discussion his method, Mast states that following the procedure 
recommended, the stimulative effect the different wave-lengths tested 


Fics. 9-11. Abscissae, intensity of white light, uw. Ordinates, ratio attracted to white light. Males—-X—. 
Females ---OQ---. FiG.9. Relation between attractiveness of violet light \4078 A, at an intensity of 9.77 
(for males ) and 9.71 (for females ) uw., and white light of varying intensity. FiG. 10. Relation between attrac- 
tiveness of violet light \4078 A , at an intensity of 6.75 (for males ) and 6.76 (for females ) uw., and white light of 


varying intensity. F1G. 11. Relation between attractiveness of violet light \4078 A, at an intensity of 4.41 (for 
males ) and 4.42 (for females ) uw., and white light of varying intensity. 


directly proportional the various illuminations from the white light required 
make the organisms each the different conditions proceed the same 


direction. shown later that this reasoning only qualitatively correct. 


us 
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Bertholf has conducted extensive investigations the reactions 

the honeybee light, using modification Mast’s apparatus. placed 
the two test lights side side, and found the intensities required make 
50% the test animals each large number trials. The prin- 
ciple the method used testing the reactions ultraviolet light was essen- 
tially the same Mast’s, but was modified somewhat testing the visible 
part the spectrum. Combining the results from these two investigations, 
Bertholf (6, 711) obtained curve representing the response the honey- 
bee the different spectral regions 
from wave-length 280 700 mu. 
This curve shows two apparent max- 
ima stimulation, one the so-called 
visible part the spectrum 553 
and one about four and one-half times 
great the ultraviolet 365 mu. 
the visible spectrum, appears that 
the bee considerably less sensitive 
yellow, orange and red than the 
human species, but more strongly 
stimulated blue and violet. 

Sander (88) also tested the response 
the honeybee light, but his con- 
clusions were very different from those 
Bertholf. His method differed 
that first made all his lights equal 
intensity, and then tested each wave- 
length against all others used. 
found two maxima stimulation but 
they were about 570 and 470 
with minimum about 520 and 
with steady decrease from 470 
into the ultraviolet. Sander explains 12-13. Females 
the discrepancy between his results 12. Variation green light 

5461 A with varying intensity (Method A ). Abscissa, 
and those of Bertholf on two grounds. intensity of green, uw. Ordinate, intensity of equally 
Firstly, Bertholf did his work white, uw. Fic. 13. Variation attrac- 


tiveness green light with varying intensity 
parts, beginning with tests of the (Method C). Abscissa, intensity of green, pw. 


reactions to visible light (5), and later Ordinate, ratio attracted by green when white is of equal 
examining the ultraviolet region (6). 

The results were then brought the same numerical range calculation, 
and this, view the fact that the second set results had multiplied 
5206.7, might introduce very large error. Secondly, Sander points out 
that Bertholf’s experiments were conducted with lights that varied energy 
content, and again the results were calculation. That is, the 
most intense wave-length (365 was given value 100, and the others 
were rated accordingly. These values intensity were then divided into 
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the value for relative stimulative effect, give, presumably, the stimulative 
value per unit energy. This method not valid, since apparent from 
Bertholf’s own results, well from Sander’s, that the efficiency does not 
vary directly with the intensity. This easily seen referring 
curve showing the response two beams white light unequal intensity 
(5, Fig. the method were correct, should constant, being 
the relative response, and the relative intensity. That this not the 


Fics. 14-17. Abscissae, intensity of white light, uw. Ordinates, ratio attracted to white light. Males -——X-——. 
Females---OQ---. FiG. 14. Relation between attractiveness of light \3022 A at an intensity of 10.43 (for 
males ) and 10.40 yw. (for females ), and white light of varying intensity. Fi1G.15. Relation between attractive- 
ness of light X3132 A atan intensity of 10.09 uw. (for both sexes ), and white light of varying intensity. Fic. 16. 
Relation between attractiveness of light X3656 A atan intensity of 10.78 (for males ) and 10.59 yw. (for females ), 
and white light of varying intensity. F1G.17, Relation between attractiveness of light \4078 A at an intensity 
of 9.77 (for males) and 9.71 yw. (for females ), and white light of varying intensity. 
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case easily demonstrated. For example, when 2.2, 1.4, and 
R/I 0.64; when 1.1, 1.05, and 0.95; and similarly for 
other values. 

Furthermore, this curve cannot accepted showing the response 
lights various relative intensities, but correct only for the particular fixed 
intensity white used. This can seen referring Bertholf’s data (5, 


Fics. 18-19. Abscissae, intensity of white light, uw. Ordinates, ratio attracted to white light. Males——X—. 
Females ---OQ---. FiG. 18. Relation between attractiveness of light 4359 A at an intensity of 9.87 (for 
males) and 9.78 yw. (for females ), and white light of varying intensity. FiG. 19. Relation between the attrac- 
tiveness of two white lights of different intensity. Intensity of standard white 10.78 yw. (for both sexes ). 


Table II). Consider that the fixed light the intensity 2.98. Then for 
relative intensity the variable light 0.335 1.0 now the intensity 
the variable light, and the intensity ratio 2.98 1.0, 1.0 0.335) 
the relative response would plot 0.6 (reciprocal 1.67), whereas the value 
read from the curve for this intensity ratio Similarly, the standard 


26) 
Ps 
0 
5 30 iS a 30 


324 CANADIAN JOURNAL RESEARCH. VOL. 16, SEC. 


had been the intensity represented 0.5, relative intensity 2.0 
the variable light the relative response would have been 1.17 instead 

Sander doubts the validity Bertholf’s correction calculations, and 
view the foregoing discussion, some consideration may given the 
question this time. Firstly, the two curves are united multiplying 
the values the second series the factor 5206.7. The line 436 obtained 
from the quartz-mercury arc this series was much greater intensity 
than the 431 obtained from the pro- 
jection bulb the first series. The 
energies given the two cases 
are 78.1 and 0.18 respectively, though 
clue given the value 1.0, 
whether the same both cases. 
Later will shown from the data 
this study that, according the method 
analysis used Bertholf, the relative 
stimulative efficiency apparently increases 
the intensity the light decreases. 
Hence, had \436 been intensity 
probable that the factor for joining the 
two curves would have been much 
smaller. This would have lowered very 
materially the peak shown A365 
Secondly, relative intensity 1.0 the 

20. Abscissa, intensity white light, uw. standard was obtained from 10-watt 
between attractiveness light inten- ments, while the first series the source 

sets results cannot compared. 
One great difficulty throughout these papers that the intensity white 
always expressed ratio white, and the intensity color ratio 
color, with clue what ratio 1.0 represents units energy, and con- 
sequently means ascertaining the relation between the intensity the 
and the test lights. the discussion the second series the state- 
ment made (6, 716) that “the minimum intensity equals approxi- 
mateiy 3.5 This, however, visual unit, and hence 
unsuitable for the comparison intensity colors. 

Analysis Sander’s (88) figures from his first series experiments (Method 
shows that neither does this method give results that are truly indicative 
the relative stimulative efficiency colored lights. this series all 
the lights were equal energy when tested against each other. From his 
Table III, when was used standard, attracted 64.7% 
the total number bees reacting. That is, the ratio attractiveness 
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was 64.7/35.3, 1.833. the relative stimulative efficiencies 
are the ratio the numbers attracted lights equal intensity, then 
1.833 times efficient mu. That being so, increasing 
the intensity 1.833 times that should make them 
equal attractiveness. However, the second series tests (Method D), 
when these two wave-lengths were each tested against was 
found that \610 had increased 341.1%, and 164.4%, 
the intensity order equally attractive. When sub- 
sequently tested together these higher intensities, the two lights were 
attractive. would seem then that this the true relative value the two 
lights. Apparently neither intensity nor wave-length influenced the results 
obtained this method. Other groups wave-lengths, such 
mu, and were used with the same results. some tests the 
comparison light was left constant intensity and each the test lights 
was varied intensity until attracted the same number bees did the 
standard. other tests, the comparison light was changed intensity until 
was the same attractiveness one the test lights, and the second 
test light was then made attractive the new intensity the standard. 
The results obtained were equally good the two methods, only minor 
changes, such would expected the basis experimental error, being 
necessary order make the two test lights equal attractiveness. 
unfortunate that each group wave-lengths was not tested several different 
intensities the standard, order determine whether the relation would 
remain constant. This would the final test the validity the method. 

discussing the merits the two outlined the foregoing, 
Mast (66) says: maintains that the relation between stimulating 
efficiency and energy varies with wave-length, and that Bertholf’s method 
consequently inadequate. may also said that the difference the 
stimulating efficiency two lights not proportional the frequency 
selection and that Sander’s method consequently also inadequate.” 

Mast (in has enlarged this follows: According method, 
two light sources are equal energy, then their stimulating efficiency 
directly proportional the number insects that toward them; for exam- 
ple, twice many toward toward the stimulating efficiency 
mean that the stimulating efficiency infinite and that zero, which 
usually not true, demonstrated observations Mast 
thinks merely shows that the stimulating efficiency greater than 
that but not how much greater. 

This argument may partially answered follows: Suppose that light 
the standard and that the wave-length under investigation. Then 
and are equal intensity and all the flies toward does actually 
mean that the stimulative efficiency zero relative and curve 


326 CANADIAN JOURNAL RESEARCH. VOL. 16, SEC. 


for efficiency throughout the spectrum were drawn, would reach zero the 
point the wave-length scale corresponding exactly Bertholf found 
the red end the spectrum for the honeybee. the other hand, 
being used standard for testing relative attractiveness, must 
necessity have some attractiveness for the insects. Consequently, 
and are equal intensity, does not seem probable that would attract 
all the insects, and therefore the numbers attracted might measure 
the relative efficiencies and Further consideration given this 
point connection with the results the present experiments. 

Owing the variation the results obtained these different methods, 
was considered advisable examine critically the method testing and 
the analysis the data these experiments. order this, all methods 
have been applied, far possible, the data obtained. show the part 
that intensity plays determining the response light, \5461 was tested 
five, and \4078 three, different intensities. The weakest green line 
was such low intensity that the curve (Fig. showing its effect not 
complete for the other intensities, and therefore not included some 
the analyses. The effect intensity considered first. 


Analysis results with different intensities color Method 

This the method that Bertholf (6) used testing the response the 
honeybee different wave-lengths ultraviolet. The results obtained 
tests with green light the housefly are shown Table 


TABLE 


STIMULATIVE EFFICIENCY DIFFERENT INTENSITIES For domestica, 
DETERMINED METHOD 


Intensity standard white, 10.78 uw. 


Intensity 
Intensity equally Relative Relative Relative 
green, attractive stimulative energy stimulative 
white, effect green efficiency 
Male 21.90 3.30 0.306 0.1442 
14.42 1.06 0.0984 1.397 0.0704 
7.94 0.97 0.769 0.1170 
5.96 0.45 0.0418 0.577 0.0725 
4.10 0.42 0.0390 0.397 0.0982 
Female 21.47 8.20 0.7608 2.080 0.366 
14.80 1.30 0.1206 1.434 0.084 
7.94 1.28 0.1188 0.769 0.154 
5.98 1.47 0.1365 0.579 0.236 
4.12 0.90 0.0835 0.399 0.209 


The intensity white light equally stimulative the given intensity 
green (ratio attractiveness 1.0), found from the curves showing the 
relative responses (Figs. 8). For comparative purposes these intensities 
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are plotted Fig. order express this the stimulative 
effect”, divided 10.78, the intensity the standard white light 
(Table expressed intensity white light arbitrary scale, 
which “the minimum intensity (later changed 0.1 the graphs) 
approximately 3.5 Consequently, the column show- 
ing intensity absolute units not found his table. The results 
obtained the two methods, however, will the same. The 
green expressed its ratio 10.32 (the strength green chosen for com- 
parison with the other colors, previously explained), and the stimu- 
lative obtained dividing these values into those for relative 
effect. The results obtained this method analysis are irregular, that 
not possible draw any definite conclusions. may noted that 
the highest intensity green tested, the relative stimulative efficiency for 
the males (Table definitely higher than any other intensity. The 
lowest intensity shows relative efficiency approximately two-thirds 
much, while that the middle intensity lies between these two. The remain- 
ing two intensities appear considerably lower relative stimulative 
efficiency. Results with the females (Table show similar irregularity, 
but the trend the same, the higher intensity again appearing 
definitely better relative stimulative efficiency. The irregularities may 
explained the basis experimental error, but any case the 
results vary sufficiently show that this method cannot used for 
comparing lights different wave-lengths, unless they are equal energy 
content. 

Analysis results with violet light this method (Figs. 11, and Table 
VI) also shows irregularity, but here the lowest intensity tested appears 
have the greatest stimulative value. interesting point may noted from 
these results, viz., that for males (Table VI) the intermediate intensity 
6.75 equalled attractiveness white 5.80 while violet only 


TABLE 


STIMULATIVE EFFICIENCY DIFFERENT INTENSITIES \4078 For domestica, 
DETERMINED METHOD 


Intensity standard white, 10.78 uw. 


Intensity 
Intensity equally Relative Relative Relative 
violet, attractive stimulative energy stimulative 
pw. white, effect violet efficiency 
Male 9.77 18.55 1.721 1.000 1.721 
6.75 5.80 0.538 0.691 0.778 
4.41 11.00 1.020 0.451 2.262 
Female 9.71 27.50 2.551 1.000 2.551 
6.76 8.60 0.798 0.696 1.147 
4.12 18.30 1.697 0.424 4.005 
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4.41 requires white 11.00 uw. equally attractive. similar 
result obtained with the females. The distribution the data (Figs. 
and 11) appears indicate that this real effect. Ifso, the usually accepted 
theory, that lights become more attractive they become more intense, 
will have modified somewhat. Further investigation this point 


indicated. 


Analysis results with different intensities color Method 

this method analysis all the colors are tested against the same intensity 
white. The standard intensity 10.78 but none the different 
wave-lengths were actually tested against this intensity, values are inter- 
polated from the graphs (Figs. 11), and the results with different intensities 
green are shown Table VII. The first column shows the absolute 


TABLE VII 


STIMULATIVE EFFICIENCY DIFFERENT INTENSITIES For domestica, 
DETERMINED METHOD 


Intensity standard white, 10.78 uw. 


Intensity Relative Relative Relative Relative 
green, stimulative stimulative energy stimulative 
Male 21.90 0.693 0.560 2.121 0.264 
14.42 0.786 7.18 0.666 1.397 0.477 
7.94 0.638 0.501 0.769 0.652 
Female 21.47 0.885 8.79 0.816 2.080 0.392 
14.80 0.794 7.62 0.707 1.434 0.493 
7.94 0.862 8.45 0.784 0.769 1.019 


values the three intensities green used. second column shows the 
relative stimulative effect, which the ratio between the numbers attracted 
green and white (the reciprocals the values determined from the graphs). 
The third column obtained from Fig. 19, and the intensity white 
necessary give this ratio attractiveness when tested against the standard 
white. This column not found Bertholf’s table, did not use absolute 
values. The numbers the fourth column are obtained dividing those 
the third 10.78 and correspond Bertholf’s stimulative 
except that the intensity that used unity not indicated. Relative 
energy green obtained dividing the values the first column 10.32. 
Finally, relative stimulative efficiency obtained dividing the values 
the fifth column into those the fourth. The results show clearly that this 
method analysis not adequate, the final value found depends the 
intensity green used and decreases markedly the intensity increases. 
The result thus exactly the reverse that obtained Method which 
was found that stimulative efficiency apparently increases the intensity 
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increases. That this variation efficiency real and not accidental 
shown Table VIII. This shows the results similar analysis the 
data obtained using three different intensities violet light 

(Figs. The results are practically the same, though those with the 
females are somewhat irregular. However, with this method with Method 
there seems distinct evidence that decrease the intensity this 
color results great increase its relative stimulative efficiency. Con- 
sequently, different wave-lengths cannot compared this method unless 
they are equal intensity. For example, had the results with green the 
intensity 21.90 uw. been used constructing the curve Fig. 21, would 
have indicated that this color was only about one-fourth attractive 
violet intensity 9.77 uw. (relative efficiencies 0.264 and 1.055 respectively, 
Tables VII and VIII). Actually, when tested approximately the same 
intensity, green found more than half attractive violet (0.6 


compared with 1.055). 
TABLE VIII 


STIMULATIVE EFFICIENCY DIFFERENT INTENSITIES For domestica, 
DETERMINED METHOD 


Intensity standard white, 10.78 


effect value violet efficiency 
Male 9.77 1.037 11.36 1.055 1.000 1.055 
6.75 0.883 8.54 0.792 0.691 1.146 
4.41 1.012 10.80 1.002 0.451 
Female 9.71 1.199 17.70 1.642 1.000 1.642 
6.76 0.893 8.92 0.828 0.696 1.190 
14.18 1.315 0.424 3.101 


The effect calculation the final results obtained the two methods 
worthy note. the violet, the relative stimulative effect for both 
sexes either method less for the intermediate than for the lowest in- 
tensity. Method this found also the final value for relative 
stimulative efficiency (Table VI). Method (Table irregularity 
not found the results with the males, the relative efficiency apparently 
increasing the intensity decreases. For the females the irregularity 
much less than that obtained Method the same data are used 
both cases, these differences results are attributable only the calculations 
involved. This makes quite evident that one both these methods are 
inadequate for the analysis data this type. 


Analysis results with different intensities color Method 


The results obtained for green this method are tabulated Table 
For each intensity green there found from the graphs (Figs. the 
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ratio attracted white equal intensity, and the reciprocal this then 
gives the ratio attracted green. The results are plotted Fig. 
seen that there great difference relative attractiveness the in- 
tensity the green varies. 

TABLE Apparently the efficiency 

STIMULATIVE EFFICIENCY OF DOPPERENT INTENSITIES this wave-length increases 

quite markedly the inten- 


sity increases, cer- 
tain point and then de- 


Ratio 
Intensity attracted Ratio creases. There very evi- 
green, white attracted dent difference between the 
intensity sexes the point which 
Male 21.90 1.623 0.616 found. 
Examining the results ob- 
5.96 1.595 0.627 tained with different inten- 
0.691 sities violet light (4078 A), 
14.80 1.423 0.703 found from Figs. 11, and 
comes evident that intensity 
plays important part, 
TABLE although the females show less 
STIMULATIVE EFFICIENCY DIFFERENT INTENSITIES pronounced differences with 
ror domestica DETERMINED this color than with green. 
Nevertheless, results for both 
sexes seem show that lower 
Ratio 
Intensity attracted Ratio intensities are more stimula- 
violet, white attracted tive than higher, when this 
Referring again the state- 
9.77 0.956 1.046 ment (p. 327) regarding the at- 
1.036 0.965 tractiveness the intermedi- 
Female 9.71 0.818 1.222 noted that, spite the 
6.76 0.881 1.135 
widely different numerical 


values obtained, all three 

methods analysis show for 
the females, and two for the males, this phenomenon decreased efficiency. 
some cases the difference not great, and possibly further work will show 
that merely experimental error. generally assumed that the 
intensity light increases, its attractiveness increases certain point, 
and beyond this there may decrease attractiveness actual 
repellency. Should the foregoing results prove well founded, would 
indicate that \4078 increases intensity over the range here tested, 
becomes first less, and later more, attractive domestica. 
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Analysis results with different colors approximately equal intensity 
Tables XIII show the analyses the final results for all colors with 
which domestica was tested, using the three methods described above. 


TABLE 


STIMULATIVE EFFICIENCY DIFFERENT WAVE-LENGTHS, APPROXIMATELY EQUAL INTENSITY, 
FOR domestica, DETERMINED METHOD 


Intensity standard white, 10.78 


Intensity 
equally Relative Relative Relative 
attractive stimulative energy stimulative 


white, effect color efficiency 


Female 


From Fig. 12. 
TABLE XII 


STIMULATIVE EFFICIENCY DIFFERENT WAVE-LENGTHS, APPROXIMATELY EQUAL INTENSITY, 
FOR domestica, DETERMINED METHOD 


Intensity standard white, 10.78 


Correspond- 
ing intensity 
white, 


Relative Relative Relative 
stimulative energy stimulative 
value color efficiency 


Relative 
stimulative 


From Fig. 13. 
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Male 3022 7.70 0.714 0.968 0.738 
3132 15.50 1.439 0.936 1.537 
3656 45.20 4.194 1.000 4.194 
4078 18.55 0.907 1.898 
4359 10.50 0.994 0.916 1.085 
5461 0.94* 0.087 0.956 0.091 
5780 2.10 0.195 0.925 0.211 
3022 12.73 1.181 0.965 1.224 
3132 24.80 2.301 0.936 2.459 
3656 56.90 5.280 0.982 
4078 2.538 0.901 2.817 
4359 14.15 1.313 0.907 1.447 
5461 0.147 0.958 0.153 
5780 1.76 0.163 0.926 0.176 
effect 
Male 3022 0.952 9.80 0.909 0.968 0.939 
3132 1.052 11.92 1.106 0.936 1.182 
3656 2.000 27.84 2.583 1.000 2.583 
4078 1.037 11.36 1.055 0.907 1.163 
4359 0.997 10.67 0.990 0.916 1.081 
5461 0.708* 6.23 0.578 0.956 0.604 
5780 0.451 3.52 0.327 0.925 0.353 
Female 3022 1.078 12.82 1.190 0.965 1.233 
3132 1.465 26.00 2.411 0.936 2.576 
3656 2.433 37.65 3.492 0.982 3.556 
4078 1.193 17.42 1.616 0.901 1.793 
4359 14.00 1.299 0.907 1.432 
5461 0.832* 8.03 0.745 0.958 0.778 
5780 0.463 4.12 0.381 0.926 0.411 
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Table XIII (Method C), order make the results comparable, 
assumed that the intensity each the spectral colors was the same that 
the standard white, 10.78 the values given are found inter- 
polation Figs. for the colors tested against this intensity white. 
This assumption justified 

TABLE view the fact that the 


STIMULATIVE EFFICIENCY OF DIFFERENT WAVE-LENGTHS, 
APPROXIMATELY EQUAL IN INTENSITY, FOR greatest variation between 


domestica, DETERMINED METHOD the intensities the different 
Intensity standard white, 10.78 pw. colors not over 10%, esti- 
mated the approximate 

Ratio Ratio limit error the measure- 

ments (p. 314). green was 


not tested thisintensity, the 


Male 3022 1.050 0.952 values required for this color 


3132 0.950 1.052 are read directly from Fig. 

4359 1.002 tables. For better compar- 

all three methods are plotted 

The three methods an- 

5780 2.160 0.463 alysis give practically identi- 

cal results qualitatively. That 

From Fig. 13. is, all show the peak 


with rapid decrease both sides this wave-length. Quantitatively, 
none the methods appears satisfactory, because, varying the inten- 
sity either test standard light, the values for relative efficiency can 
changed within quite wide limits, shown Tables unfor- 
tunate that the equipment available was not adaptable testing reactions 
Method already described. this method, Sander has shown that 
lights that are made equal attractiveness common standard are equal 
each other. Hence would appear that the true relative stimulative efficien- 
cies are indicated the intensities required give this equal attractiveness. 
the tests which all the colored lights were equal intensities, the 
final values obtained Method (Table XIII, Column are the same 
the values for relative stimulative effect found Method (Table XII, 
Column 2). This being so, the difference the final results obtained the 
two methods must due the calculations used Method the 
colored and standard lights are unequal energy, relation found between 
the two methods. 
Method gave the true relative efficiency values, then the values 
the second column Table should the same those the third column 
Table XII, respectively. That is, intensity 10.43 uw. attracts 
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0.952 times many male flies does white intensity 10.78 and 
white intensity 9.80 also attracts 0.952 times many male flies 
does the standard white (from Table XII). Therefore the test light 
should equal attractiveness white intensity 9.80 But from 
Table seen that light this wave-length intensity 10.43 uw. 
actually equalled white intensity 7.70 that is, the lights are not 
equal when they attract the same fraction the number flies attracted 
the standard intensity white. Results for the other wave-lengths are 
similar, some showing even less agreement, and some, \4359 for the 


Fics. 21-22. Abscissae, wave-length. Ordinates, rélative stimulative efficiency. Method A ——O——, 
Method B--- X---. Method 21. Relative attractiveness lights equal intensity 
but different wave-length, as determined by Methods A, B, and C, for males. iG. 22. Same for females. 
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males, having almost identical values. will seen, though, that here the 
attractiveness the color and the standard white were almost equal (ratio 
Table XII). Similarly the other instances which results 
are close agreement, the ratio attractiveness the intensities tested 
not far from 1.0. This further suggests that Method the best criterion 
comparative attractiveness. 

Method shows much less pronounced differences between the different 
wave-lengths than Method giving especially steep curve 
Figs. and latter method shows apparent increase attract- 
iveness for both males and females, from green yellow, and this more 
pronounced for the males. Unfortunately, the arc lamp did not have 
cient energy the orange and red lines continue the curve comparable 
intensity basis into the long-wave region, and the monochromator did not 
give sufficiently narrow band from incandescent bulb use this 
source. Consequently, not possible present say whether this rise 
would continue the curve carried further into the long-wave region. 
the other methods show yellow considerably less efficient than green, 
would seem that this apparent rise merely result the calculations 
required Method rather than real increase efficiency. 

obvious that results obtained one method cannot compared 
with those obtained any other. This especially true when the intensities 
the various colored lights are unequal. also obvious that curves 
obtained different methods cannot joined calculation, was done 
Bertholf. Inasmuch Sander actually tested lights equal intensity 
but different wave-length against each other and drew his curves for relative 
stimulative efficiency from the data obtained, appears that, for the time 
being, this curve should taken the most nearly correct qualitative repre- 
sentation the efficiency different wave-lengths attracting the honeybee. 

Similarly, the curve derived Method from the data here obtained 
tests with houseflies probably gives the most nearly correct picture relative 
attractiveness different spectral lights for this insect. has already been 
pointed out that even this method does not show the true quantitative relation 
between the colors. That still remains determined. 

had previously been found Hess (44) that for the housefly, well 
for other insects, the most stimulative region was the blue and green, which 
were much more attractive than yellow and entirely accordance 
with the results found here, except that the longer wave-lengths ultraviolet, 
which Hess did not test, are found most attractive all. 

the other hand, Freeborn and Berry (27) carried out tests which 
board with painted squares ranging color from blue red, and including 
white and aluminium, was exposed houseflies dairy barn for three 
months. Evaluation the attractiveness means the dots excrement 
the squares showed that dark blue was the most attractive, followed 
dark red, light gray and canary yellow. There was then slight break 
the continuity, and median range attractiveness was found consist 
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orange, aluminium, jade green and light blue. second much sharper break 
followed, and the least attractive group were white, coral, foam green, 
ivory and primrose. Unfortunately there are data the spectral 
range the light reflected these various paints. The names, course, 
give rough indication their range the visible spectrum, but some all 
them might reflect ultraviolet well. This latter would under the cir- 
cumstances the experiment relatively minor factor, because the board 
was fastened the ceiling the barn and consequently little ultraviolet 
would reach the daytime. But night the board was lighted three 
100-watt lamps, and these emit certain amount ultraviolet, 
especially the longer wave-lengths. possible that the red did reflect 
some this ultraviolet, which might account for its very high attractiveness, 
may that the red itself actually highly attractive. this latter 
case there justification for Kell (51), who has patented fly paper 
color for which the fly exhibits preference, e.g., dark blue dark 
However, Pilkington Bros. (81) report that the use red and yellow glass 
windows greatly reduced the housefly population buildings, while blue 
and green were not nearly effective. believed this due 
deterrent effect the red and yellow, discouraging entry the flies. Appar- 
ently the factor intensity was not considered, and may have contributed 
somewhat the results obtained. 


Figs. and show that all wave-lengths tested the females 
domestica are more strongly stimulated colored lights than are the males. 
This can seen also examination the graphs for each individual wave- 
length (Figs. Here, nearly every case, more males than females 
are attracted the white any given intensity, except the intensity 
range which the color and white are almost equal attractiveness. 
this range there little difference between the responses the two sexes. 
Again the relative differences vary according the method analysis chosen, 
Method showing the least difference between the two sexes. The peak 
attractiveness considerably higher for females than for males, 
but the rate decline from this peak correspondingly rapid both sides. 
attractiveness appears about equal for the two sexes. The 
rise very rapid from \4078 \3656 the curve resembling that found 
Bertholf (6) for the honeybee but differing from that found Sander 
for the same possible that the line connecting and \5461 
Figs. and would curved instead straight, had there been 
spectral line sufficient intensity about available for testing. 
would have been interesting have seen whether the rapid decrease 
effectiveness the short wave-lengths continued the limit the 
ordinary sunlight spectrum was reached, whether the flies were able 
detect radiation even beyond this, was found Bertholf (7) with Droso- 
phila. These are problems that remain solved. 


All curves for the various wave-lengths appear have characteristic 
sigmoid shape. That is, all graphs where the data are sufficient, the curve 
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has three definite regions. First there region which the ratio flies 
going white quite definitely less than 1.0. This part the curve 
quite steep, comparatively small increase the intensity the com- 
parison white light causes relatively large change its attractiveness. 
There second region, which the lights are approximately equal 
attractiveness and which quite flat. This relation extends over wide 
range intensity the white light and indicates that the fly does not dis- 
tinguish clearly between the two lights. the third region the curve again 
becomes steeper, and small changes intensity have great effect attrac- 
tiveness. 

other words, appears that one two equally attractive lights 
kept constant intensity, the intensity the second may varied over 
considerable range before they become appreciably different attractive- 
ness the housefly. When, however, this range has been exceeded either 
direction, relatively small changes intensity the variable light cause 
marked changes its attractiveness. This apparently the type reaction 
meant Verworn (95), who stated that there threshold stimulation 
below which the stimulus ineffective, and above which the effect increases 

with increasing intensity the stimulus. 


The median range considerably small- 
the curve for variable white versus 
constant white (Fig. 19) than those 
curves which the constant light 
colored. exception perhaps that 
for yellow (Fig. similarity be- 
tween these two curves may due the 
fact that the light, being obtained 
from incandescent bulb, contains 
large proportion yellow. Tables (45, 
693) show that the sensation produced 
the tungsten filament divided thus: 
red, 48%; green, 41%; blue, 11%. Con- 
sequently, the response obtained this 
light would expected approximate 
more closely those the long-wave 


than the short-wave colors. 


white, ww. Ordinates, ratio attracted by variable 
white. Males x . Females---O---. 
Fic. 23. Relation between attractiveness of con- 
stant white light of intensity 10.78 w., and 


available intensity white, some three 
and one-half times that the color, was 


white light of varying intensity, using only first pve 
responses of each fly. F1G.24. Relation between 
attractiveness of constant while light of intensity 
10.78 pw., and white light of varying intensity, 
using only inilial response of each fly. 


not enough attract the same number 
flies did the color. explained 
earlier (p. 317), the lower intensities 
white were not tested against this color. 


Consequently, only part the median range the curve shown Fig. 16. 
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Owing the length time each insect spends the reaction box, there 
possibility that the eye will lose its dark adaptation somewhat, while the 
tests are being run. determine this so, the data obtained from tests 
with two white lights were examined two ways: the first five responses 
each fly were classified and tabulated (Table XIV); and the initial re- 
sponse each fly was treated similarly (Table XV). The data for the two series 


TABLE XIV 
RESPONSE domestica WHITE LIGHTS UNEQUAL INTENSITY, COMPILED FROM FIRST 
FIVE RESPONSES EACH FLY 
Intensity standard white, 10.78 


Intensity 
Number Per cent Ratio 
Number standard standard variable 

white white white 

Male 36.10 235 34.1 1.937 
190 32.6 2.066 
16.84 200 42.5 1.353 
7.73 240 119 49.6 1.016 
210 131 62.4 0.603 
3.30 220 142 64.6 0.550 
1.46 150 127 84.7 0.181 
Female 36.10 230 1.987 
27.66 210 40.5 1.470 
16.84 220 110 50.0 1.000 
205 120 58.6 0.708 
210 140 66.7 0.500 
3.30 225 152 67.6 0.480 
1.46 175 141 80.6 0.241 

TABLE 


RESPONSE domestica WHITE LIGHTS UNEQUAL INTENSITY, COMPILED FROM INITIAL 
RESPONSE EACH FLY 
Intensity standard white, 10.78 uw. 


white white white 
pw. 
Male 36.10 30.9 2.235 
7.73 45.3 1.209 
5.35 50.9 0.963 
3.30 36.4 1.650 
1.46 64.9 0.542 
Female 36.10 38.9 1.571 
27.66 39.2 1.550 
16.84 51.8 0.931 
7.73 41.5 1.409 
3.30 67.3 0.486 
1.46 71.8 0.393 
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are plotted Figs. and respectively. The two lights were not tested 
equal intensities, but, they were the same quality, may assumed 
that the intensities were equal the ratio attractiveness would have 
been 1.0. Consequently, this point shown all curves. 

The curve obtained using only the first five responses (Fig. 23) remarkably 
like that for which ten responses each fly were used (Fig. 19). When only 
the initial responses are included, the points are much more irregular. How- 
ever, the number observations very much smaller, increasing the possi- 
bility error. Considering this fact, the trend the curve shown Fig. 
sufficiently like that Fig. indicate that the loss dark adaptation 
during the tests not sufficient influence the results greatly. 

Concerning the variation selection the contrasting lights different 
flies, the question arises whether this due merely chance, variation 
the ability flies distinguish color and brightness. fly more 
attracted one light than another, then theoretically should 
that light always and the less attractive one not all. Therefore, the 
intensities vary, large number trials there would three conditions, 
viz., range which all flies made all trips the more attractive light, 
median range which the flies did not distinguish between the two lights 
and consequently 50% large number trips would each, and finally 
range which all trips were the second light, now more attractive. 
other words, the behavior the fly should indicate that the attractiveness 
light more than, equal to, less than that light The fact that 
possible draw curve, show the relative response the intensity 
varied relatively small steps, indicates that there must variation between 
individuals. That is, when two lights different quality appear equal 
attractiveness one fly, one light may more attractive another fly. 

The literature the subject variation the ability the human eye 
distinguish differences brightness much too voluminous discuss 
here, but Bertholf’s (5) results may cited. found that when two light 
sources differed 10% the brighter, his subjects were able distinguish 
the difference only 62.5% the trials. When the difference the lights 
was 20% the brighter, correct choices numbered 84.6% the trials. 
This indicates that there variation between human eyes with regard 
brightness discrimination. 

There also difference with regard the spectral limits vision. 
usually considered that the human eye unable distinguish light 
wave-length shorter than about 4000 (29). Groot (31) and Fabry (24), 
however, both give evidence show that the line the mercury 
spectrum visible many, but not all, people, while distin- 
guished with ease. The writer and Dr. Rowles, Professor Physics, 
Macdonald College, have made few observations this point, using 
large spectrograph belonging the Department Physics. Both were able 
distinguish the ultraviolet line without difficulty, and the 
writer could see faintly. Suitable precautions were taken insure 
that this was true vision, and not fluorescence the eye. 
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there thus such wide variation between human eyes their ability 
distinguish both brightness and wave-length, conceivable that the eyes 
insects might differ also. Therefore, the only logical way determine the 
attractiveness different wave-lengths light for houseflies test large 
population under wide variety conditions, and average the data 


collected. 
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